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FOREWORD 


This  report  presents  the  final  results  of  one  of  the  prefects  participating  in  the  mfli  itary-^tflfed: 
programs  of  Operation  Redwing.  Overall  information  about  this  aai  tbe  other  Bnrrriary-erfiegat 
projects  can  be  obtained  from  WT^1344,  the  "Summa^  Rqmrtoltte  CommaBmotr,  Taslclunit 
3.  ”  This  technical  summary  Includes:  (1)  tables  listing  each  detantlon  with:  as  w.aild,  typa^ 
environment,  meteorological  conditions,  etc.;  (2)  maps  showing  sknt  locationsi;:  <3*  £iscas8imi« 
of  results  by  programs;  (4)  summaries  of  objectives,  procedures,  tcsnlts,  etBr..^  iSaralLpcno^ 
ects;  and  (S)  a  listing  of  project  reports  lor  the  militaiy-elfect  pcagvains. 
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ABSTRACT 

1 

Project  1.1  participated  in  five  shots  during  Operation  Redwing.  Participation  consisted  of  the 
measurement  of  overpressure  and  dynamic  pressure  versus  time,  with  specific  objectives  for 
each  shot.  The  self-recording  air-blast  gages  and  self-recording  dynamic  pressure  gages  de¬ 
veloped  by  the  Ballistic  Research  Laboratories  (BRL)  were  used  to  measure  and  record  the 
pbepomenon. 

Shot  Lacrosse  afforded  an  opportunity  to  instrument  a  medium  yield  (37.8  kt)  surface  burst. 
Ground  surface  air-blast  gages  recorded  a  precursor  type  shock  wave  at  a  station  1,180  feet 
from  ground  zero  and  a  clean  or  classical  type  wave  at  a  station  1,950  feet  from  ground  zero. 
Correlation  of  air-blast  data  with  Projects  1.2  and  30.2  of  Sandia  Corporatioj^(SO  electronically 
recorded  blast  measurements  was  excellent. 

Shot  Cherokee  was  a  high  yield  (3.8  Mt)  air  burst..  It  had  the  largest  instrumentation  partici¬ 
pation  of  the  series,  but  unfortunately  the  device  did  not  detonate  over  the  Ir.tended  ground  zero. 
This  caused  the  loss  of  many  records  and  a  reduct^  of  the  accuracy  of  many  because  the  range 
of  the  pressure  transducers  at  some  stations-was^  much  as  40  times  greater  than  the  actual 
pressure  measured.'^A  difference  in  the  overpressure  and  wave  shape  was  noted  on  records  ob¬ 
tained  from  the  man-made  islands  and  those  obtained  from  the  reef  stations  east  of  Site  Charlie. 
Scaled  models  of  these  stations  were  fired  on  in  the  BRL  shock  tube  and,  based  on  these  experi¬ 
ments,  the  difference  in  wave  shape  and  20  percent  or  more  degradation  in  pressure  may  be  at¬ 
tributed  to  the  type  gage  mount  used  for  the  reel  stations. 

Shot  ^uni  was  the  first  high  yield  (3.53  Mt)  surface  burst  that  afforded  a  land-surface  blast 
line  from  ground  zero  to  the  gages.  Two  blast  lines,  approximately  180  degrees  apart,  were 
instrumented  for  this  shot.-~Oae±dasl  line  waiBratong-the-Tare-ComplKrwhe're’nonldBaHprecur^r 
sor-typej-siiock  waves  weryVecorded-out  as  faras  -8,300-feet. — Tbe-secOnd  blas^ine  was  on 
Sitg-BBele-4idiere  nomdealfchrtiA  waves  were  recorded  as  far  out  as  9,8MJeetT' 

Participation  in  SborToms-garc jm  opportunity  to  record^-blast  data  from  a  fractional  kilo- 
ton  (0.188  kt)  device  detonated  dom  a'fb^ts.^^gasieddast  data  were  r^orded  which  will  be  used 
to  validate  or  modify  the  height  ^bujr^^f^es  for"Use-vitt  fractional-kiloton  yields. 

' — Shot  Inca  the  Last  shotja  wmeh  Project  1.1  participatedr-~TLivo  blast  lines  were  instru¬ 

mented  on  the  same  island,*" one  ov»  a  cleared  area  and  the  other  over^^vegetated  area.  Re¬ 
cords  were  obtained  from  both  Mast  Wes,  but  some  accuracy  was  lost  because  the  actual  yield 
(14.8  kt)  -was  more  than  double  the  prralcted  yield  (7  kt),  and  some  of  the  pressure-sensing  cap¬ 
sules  were  overstressed  b^ood  tbeir  intended  range. 
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PREFACE 
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Chapter  / 

INTRODUCTION 


1.1  OBJECTIVES 

General  objectives  of  Project  1.1  vrere:  (1)  to  instrument  certain  shots  during  Operation  Red¬ 
wing  and  obtain  basic  infomiation  of  the  propagation  of  blast  waves  over  different  surfaces  from 
various  yields  and  heights  of  burst;  and  (2)  supply  measurements  of  overpressure  and  dynamic 
pressure  at  certain  locatioas  in  supijort  of  other  projects. 

The  specific  tdijective  of  Project  1.1  was  to  determine  the  pressure  versus  time  and  dynamic 
pressure  versus  time  variations  with  distance  from  ground  zero  on  five  shots  during  Operation 
Redwing.  These  shots  were:  (1)  Lacrosse,  a  medium  kiloton-rangc  surface  burst;  (2)  Cherokee, 
a  megaton-range  air  burst;  (3)  Zuni,  a  megaton-range-  surface  burst;  (4)  Yuma,  a  fractional 
kiloton-range  tower  shot;  asd  (5)  Inca,  a  small  kiloton-range  tower  shot. 

Project  1.1  had  the  prime  responsibility  for  basic  air-blast  Instrumentation  on  Shots  Cherokee, 
Zuni  and  Yuma.  On  Shots  Lacrosse  and  Inca  the  project  participated  to  provide  back-up  instru¬ 
mentation  for  the  electronic  recording  system  used  by  Projects  1.2,  1.10,  and  30.2  of  Sandla 
Corporation  (SC). 

The  secondary  specific  dbjectives  of  Project  1.1  were  to  (1)  record  the  diffraction  phenomenon 
over  the  man-made  islands  for  Project  3.1;  (2)  furnish  dynamic  pressure  measurements  to  Proj¬ 
ect  1.5  for  evaluation  of  vehicle  damage;  and  (3)  furnish  water  pressure  measurements  to  Project 
1.9  for  wave  height  studies  from  Shot  Zuni. 

1.2  BACKGRCXJMD 

Since  the  advent  of  devices  having  an  equivalent  blast  yield  in  the  megaton  range,  there  has 
been  a  need  for  more  data  oa  the  air-blast  phenomenology  generated  by  the  detonation  of  these 
devices.  The  first  con^tlefo  air-blast  instrumentation  attempted  for  a  multi-megaton  device  was 
on  Operation  Castle  (Refereace  1).  While  the  objectives  of  the  Operation  Castle  project  were 
carried  out  successfully,  the  operation  left  much  to  be  desired  in  the  study  of  blast  wave  propa¬ 
gation  from  high-yield  devices.  One  prime  need  was  an  air  drop  of  a  high-yield  device  in  the 
megaton  range.  This  was  weeded  to  check  the  partitioning  of  blast  energy,  scaling  laws,  and 
height  of  burst  curves  wUch  have  been  established  from  multi-kiloton  yields  detonated  primarily 
from  tower  shots  and  air  drops.  To  supplement  existing  data,  Project  1.1  instrumented  Shot 
Cherokee,  an  air  drop  with  a  predicted  yield  of  4.5  Mt. 

Surface  bursts  at  NTS  had  been  limited  to  one  detonation  of  approximately  1  kt.  The  reason 
for  such  limitation  was  the  danger  of  fallout  and  the  residual  contamination  which  restricts  the 
use  of  that  test  area  for  fotare  shots.  At  the  EPG  the  greater  majority  of  shots  had  been  surface 
bursts  over  water  as  well  as  land.  Although  there  have  been  more  surface  bursts  at  the  EPG, 
air-blast  instrumentatioo  has  been  limited  because  of  the  adverse  conditions  under  which  meas¬ 
urements  had  to  be  made.  Therefore,  a  need  existed  lor  more  blast  data  from  surface  bursts  in 
the  megaton  range  as  well  as  the  medium  kiloton  range.  There  were  some  nonideal  wave  forms 
recorded  at  the  close-in  stations  on  Shot  6  of  Operation  Castle  (Reference  2).  To  further  Investi¬ 
gate  this.  Project  1.1  instiamented  a  blast  line  on  Shot  Lacrosse,  (a  surface  burst  which  had  a 
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predicted  yield  of  from  25  to  SO  kt).  On  Shot  Zunt,  (a  surface  burst  which  had  a  predicted  yield 
of  1  to  3  Mt),  Uro  blast  lines  were  instrumented,  one  along  the  Tare  Complex  and  the  other  oa 
Site  Uncle. 

The  wei^ms  effects  test  shot  on  Operation  Teapot  had  many  objectives,  one  of  which  was  a 
study  of  the  propagation  of  a  shock  wave  over  different  surfaces  such  as  asphalt,  water  and  des¬ 
ert.  There  was  a  need  for  data  concerning  the  propagation  of  a  precursor  over  a  natural  vegetated 
surface,  for  comparison  with  data  obtained  over  such  artificial  surfaces.  Project  1.1  participa¬ 
ted  in  Shot  laca  along  two  blast  lines  to  supplement  the  data  recorded  by  Project  1.10.  One  blast 
line  was  along  a  cleared  area,  while  the  other  was  along  a  vegetated  area. 


1.3  DYNAIHC  PRESSURE  CORRECTIONS 

At  a  meeting  of  the  nuclear  blast-measurement  agencies  called  early  in  1958,  various  agencies 
considered  the  problem  of  dynamic -pressure  corrections  and  agreed  upon  a  common  course  of 
action. 

A  standardized  nomenclature  was  also  established  as  shown  below. 


M  =  u/c  =  local  free  stream  Mach  number 
P(  =  ambient  preshock  static  overpressure 
Ap  =  free  stream  static  overpressure 
Ap^  -  total  head  pitot  overpressure 

Primes  are  used  to  denote  uncorrected  as-read  gage  values. 

To  correct  the  measured  data  as  agreed  upon  at  the  meeting  a  code,  or  calculation  procedure, 
was  establishe.1  for  one  of  the  BRL  electronic  computers  (EDVAC)  to-apply  the  appropriate  cor¬ 
rection.  These  corrections  are  necessary  to  obtain  the  free  stream  value  of  dynamic  pressure. 

The  first  step  in  applying  the  gage  correction,  Mach  flow  correction,  and  compressibility 
correction  is  to  calculate  the  primary  Mach  number  (M)  from  the  following  equations. 

For  M<1 


%  * 

Ap'  +  P, 

For  M  <  t 

^p  ^  P* 
Ap'  +  P, 


y  ■*-  I 
2 


2 

+  1 


M* 


y  -  1 

y  +  1 


)J 


(1.1) 


(1.2) 


A  gage  t  imilar  to  the  BRL  dynamic  pressure  gage  has  been  calibrated  in  the  Cornell  Wind 
Tunnel  at  various  Mach  numbers  (Reference  2).  The  primary  Mach  number  is  used  to  apply  the 
wind  tuiind  calibration  factors  to  the  total  head  and  side-on  q-gage  measurements.  When  these 
corrections  are  applied,  new  values  of  (App  +  p,)  and  (Ap  +  P,)  are  obtained  and  consequently 
a  new  value  of  M  is  calculated. 

Since  the  dynamic  pressure  q,.  is  related  to  the  side-on  overpressure  and  Mach  number  the 
new  value  of  If  is  used  In  the  following  equation. 

r(Ap  >  P,)  M* 

«e  =  2  (1.3) 

The  peak  value  of  q,.  has  been  tabulated  in  Tables  3.2,  3.5,  3.6  and  3.8  and  plotted  in  all 
curves  showing  peak  dynamic  pressure  versus  distance. 
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Chapter  2 

PROCEDURE 


2.1  OPERATIONS 

The  measurement  of  air  blast  from  a  large-yield  device  poses  a  serious  problem  because  it 
necessitates  the  establishment  of  blast  lines  which  are  sometimes  as  much  as  8  jnlles  in  lengUi. 

It  is  Impractical  to  attempt  this  with  electronic  Instrumentation,  which  requires  sheltersj  cablesi, 
and  ditches.  Self-initiating,  self-recording  gages,  that  can  be  installed  from  one  to  several  days 
before  a  shot  and  operate  successfully  at  shot  time,  solve  this  problem.  The  gages  used. by  Proj¬ 
ect  1.1,  which  had  been  field  tested  on  previous  operations  (References  1  and  3),  met  these  re¬ 
quirements.  All  stations  were  project  Installed  with  the  exception  of  the  113-type  station  (See 
Section  2.3.1).  The  overall  project  was  flexible,  since,  in  the  event  of  cancellation  or  relocation 
of  a  shot,  a  new  blast  line  could  be  reinstrumented  in  a  few  days  by  project  personneL 

Project  1.1  participated  in  five  shots  during  the  operation.  The  spread  in  yield  was  from 
0.188  kt  to  3.8  Mt,  and  the  spread  in  height  of  burst  was  from  0  feet  to  4,320  feet. 

Some  shots  were  development  devices  with  wide  ranges  of  predicted  yields.  Therefore,  it 
was  difficult  to  design  blast  lines  that  would  assure  measurement  of  all  desired  Information. 

Where  there  was  a  wide  range  in  expected  yield  for  a  particular  shot,  predicted  pressure  distance 
curves  were  made  for  both  extremes  in  yield;  and  a  blast  line  was  established  based  on  an  average 
of  the  two.  Gage  ranges  were  chosen  so  there  would  be  no  overstressing  of  the  recording  elemeid 
in  event  the  upper  yield  limit  was  realized. 

TM  23-200,  revised  edition,  1  June  1955  (Reference  4),  was  used  to  predict  pressures  at 
various  distances  from  ground  zero  on  all  shots.  During  the  operational  phase  of  the  tests, 
better  yield  values  were  established  on  some  sliols,  and  it  was  necessary  to  change  gage  ranges, 
since  ground  distances  had  already  been  established. 

2.2  INSTRUMENT  STATIONS 

A  total  of  55  Project  1.1  gage  stations  were  instrumented  during  the  operation.  Forty-two 
were  Installed  by  project  personnel.  In  addition  to  the  55  project  stations,  9  were  Installed  for 
Project  1.9  water  wave  studies,  and  12  for  Project  3.1  diffraction  studies.  The  station  types  aod 
locations  for  all  shots  are  listed  in  Tables  2.1  through  2.5.- 

2.2.1  Gage  Station  Types.  The  three  different  number-series  of  stations  used  during  the  op¬ 
eration  are  described  as  follows; 

1.  Series  113,  Contractor  Stations,  All  blast  line  stations  for  Shot  Cherokee,  with  the  ex¬ 
ception  of  the  one  on  Site  Charlie,  were  contractor  installed.  Stations  113.01  through  113.06 
were  installed  on  the  reef  between  Sites  Charlie  and  Dog,  while  Stations  113.07  through  113.11 
were  installed  on  man-made  islands  on  Sites  Dog  and  Able.  The  two  types  used  are  shown  in 
Figures  2.1  and  2.2. 

2.  Series  114,  Pr  )jcct-Installed  Pressure-Time  Stations.  The  stations  installed  by  project 
personnel  consisted  of  a  base  plate  mounted  on  the  end  of  a  3-lnch  pipe  approximately  9  inches 
long.  The  gage  case  was  mounted  to  the  other  end  of  the  pipe,  and  the  assembly  burled  with  the 
top  of  the  gtige  flush  with  the  surface.  The  surface  material  removed,  in  order  to  place  the 
gage,  was  packed  in  around  the  gage  and  smoothed  flush  with  the  gage. 

3.  Series  115,  Project-Installed  Pressure -Time  and  q  Station.  The  only  difference  In  the 
Series  114  and  115  stations  was  the  addition  of  a  q  gage  to  measure  dynamic  pressure.  The  q 
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gage  mount  waa  the  same  type  used  on  Operation  Teapot.  A  sorrey  stake  was  fumistieif  I7  tte 
contractor,  while  Installation  and  material  were  furnished  by  the  project.  The  Project  1.1  f 
gages  were  installed,  with  the  center  Ua*  of  the  gage  3  feet  above  the  surface,  with  the  eacsptiea 
of  the  reef  stations. 

4.  Series  112,  Project -Installed  Pressure-Time  Station.  The  pressure-time  station  located 
at  intended  ground  zero  on  Site  Chkrlie  was  given  a  112.01  number,  although  there  was  no  differ¬ 
ence  in  this  station  and  Series  114. 

Gages  furnished  and  installed  for  Projects  1.5  and  3.1  were  of  Series  114  or  IIS. 


TABLE  2.1  STATION  LOCATIONS,  SHOT  CBEBOKEE 


Station 

Number 

Site 

Disunce  from  GZ 
Intended  Actual 

Coordinates 

North  East 

Type  and  Number 
of  Measurements 

ft 

ft 

Pt 

4 

112.01 

Charlie 

0 

19,143 

172.172 

62.082 

2 

— 

113.01 

Aeef 

3,500 

17,500 

171,277 

85,465 

3 

1 

113.02 

between 

9,000 

16,970 

170,894 

86,916 

3  . 

1 

113.03 

Charlie 

9,000 

16,162 

169.672 

90,783 

3 

1 

113.04 

and 

13.000 

16,323 

166.851 

94,650 

3 

1 

113.09 

Dog 

16,000 

17,068 

16S.084 

97,551 

3 

1 

113.06 

19,000 

18,282 

167.316 

100,451 

3 

1 

113.07 

man- 

20,435 

19,349 

166.564 

101.753 

3 

1 

113.08 

made 

23,935 

20,482 

166.514 

105,359 

3 

1 

113.09 

island 

28,955 

23,512 

166.401 

110,456 

3 

1 

113.10 

Do* 

35,580 

26,453 

169.496 

117,561 

3 

1 

113.11 

Able 

12.000  ’ 

30,711  . 

167.315 

71,022 

3 

1 

2.2.2  Station  Locations.  The  station  location,  ground  distances,  coordinates,  types,  aod 
number  of  gages  are  shown  in  Tables  2.1  and  2.5.  The  column  headed  p^  indicates  pressure-  - 
time  measurements,  and  q  indicates  dynamic  pressure-time  measurements.  The  blast  line  lay¬ 
outs  for  the  various  shots  are  shown  in  Figures  2.3  through  2.7. 


TABLE  2.2  STATION  LOCATIONS,  SHOT  TVMA 


Station 

Number 

Site 

Distance  from 
Ground  Zero 

Coordinates 
North  East 

Type  and  Number 
of  Measurements 

ft 

Pt 

q 

114.01 

Sally 

0 

130.603 

112,154 

2 

— 

115.01 

Sally 

150 

130 .5Z0 

112,280 

3 

1 

115.02 

Sally 

250 

130.460 

112,360 

2 

1 

115.03 

Sally 

361 

130.410 

112,460 

2 

1 

115.04 

Sally 

401 

130,400 

112,500 

2 

1 

114.02 

Sally 

500 

130.310 

112,560 

2 

— 

115.05 

.Sally 

603- 

130.260 

112,050 

1 

•  1 

H-i.03  ‘ 

Sally 

C02 

130440 

112,810 

1 

— 

114.04 

.  Salty 

1.000 

130, 

112,980 

•  2 

— 

2.3  INSTRUMENTATION 

All  gages  used  to  accomplish  the  objectives  were  direct-recording  type  instruments.  They 
were  essentially  the  same  gages  as  used  on  Operation  Teapot  (Reference  3),  but  with  slight  anodl- 
fications.  The  modifications  and  details  concerning  the  gages  are  presented  in  Appendix  A. 

2.3.1  The  BRL  Pressure-Time  (P()  Gage.  The  BRL  gage  was  simple  in  principle  and  opera¬ 
tion.  It  was  battery  powered  and  could  be  initiated  by  the  light  or  heat  from  a  fireball.  The  ini- 
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tiatioa  circuit  started  the  turntable  and  a  coated  record  disk  to  rotate  at  a  eonatant  rpm  eabdtllsb' 
ing  a  time  base,  ^en  the  shock  wave  arrived,  the  pressure  entered  a  aeasitive  capsule,  cauaing 
it  to  e«paw<i.  The  distance  it  expanded  was  a  function  of  pressure  aad  eas  recorded  on  the  record 
cfiak  tqr  means  of  a  stilus  scratching  the  coating  from  the  disk.  The  uMh  «<  the  caeaBd.tne»  . 
scratched  by  the  stylus  was  approximately  0.00025  inch. 

TABLE  2.3  STATION  LOCATIONS,  SHOT  7.U10 


Station 

Number 

Site 

Distance  from 
Ground  Zero 

Coordinates  Type  and  NumMr 

North  East  of  Measurements 

ft 

1 

114.0S 

Sugar 

3,141 

100,370 

113,443 

— 

114.06 

Sugai 

5,089 

100.713 

115,366 

— 

115.06 

Sugar 

5,685 

100,693 

115.970 

1 

114.07 

Roger 

7,004 

100.942 

117.269 

— 

115.07 

Roger 

8,292 

100.978 

116.560 

1 

115.06 

Peter 

10,392 

101,160 

120,650 

1 

114.06 

Peter 

11,693 

101,598 

121,913 

— 

115.09 

Oboe 

13,796 

102,470 

123,910 

1 

114.09 

Oboe 

16,511 

103,600 

126,467 

— 

114.10 

Uncle 

4,458 

98,945 

106,010 

— 

115.10 

Uncle 

5,078 

98,756 

105,427 

1 

114.11 

Uncte 

5,907 

98,503 

104,637 

— 

115.11 

Uncle 

6,849 

98,216 

103.744 

1 

115.12 

Uncle 

9,880 

97,300 

100,860 

1 

150.01 

Uncle 

10.018 

99,650 

100.304 

— 

156.02 

Uncle 

9,912 

99,754 

100,400 

2 

114.41 

Nan 

— 

— 

— 

— 

2.3.2  BRL  Dynamic  Pressure  (q)  Gage.  The  BRL  q  gage  used  the  same  principle  of  record¬ 
ing  pressure  versus  time  as  the  gage.  The  difference  was  the  use  of  two  pressure  sensing 
elements  and  two  pressure  inlet  holes.  The  gage  was  a  pitot  tube  with  the  total  or  stagnation 
pressure  inlet  hole  in  the  nose  and  the  side-on  pressure  inlet  hole  in  the  tap  of  the  body  approxl- 
TABLE  2.4  STATION  LOCATIONS,  SHOT  INCA 


Station 

Number 

Site 

Distance  from 
Ground  Zero 

Coerdi  nates 

North  East 

I>pe  aad  Number 
of  Measurements 

A 

q 

115.13 

Pearl 

900* 

133,202 

106,165 

X  1 

115.14 

Pearl 

900 

133,060 

106,066 

X  1 

115.15 

Pearl 

1,114* 

133,537 

106,416 

t  1 

115.16 

Pearl 

1,114 

132,850 

106,175 

X  1 

115.17 

Pearl 

1,310* 

133,452 

106,607 

X  1 

115.16 

Pearl 

1,310 

132,797 

106.379 

X  1 

115.19 

Pearl 

1,450* 

133,240 

106,716 

X  1 

115.20 

Pearl 

1,450 

132,763 

106,526 

X  1 

115.21 

Pearl 

1,600* 

133,340 

106,887 

X  1 

115.27 

Pearl 

1,600 

132,692 

106,656 

X  1 

115.28 

Pearl 

2,130 

132,760 

107,290 

I  — 

*  Stations  in  uncleared  vegetated  at  ea. 


mately  4  diameters  from  the  nose  hole.  To  obtain  dynamic  pressure  versus  time,  the  record  of 
side-on  pressure  versus  time  was  itubtracted  from  the  record  of  total  pressure  versus  time. 

'  These  uncorrected  records  are  presented  in  Appendix  B.  The  correction  factors  as  given  in 
Section  1.3  were  applied  to  the  total  and  side-on  records  and  the  corrected  peak  dynamic  pres¬ 
sures  are  listed  in  Tables  3.2,  3.5,  3.6  and  3.8. 
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Z.y.g  Blast  Line  La]rout8.  The  Shot  lAcrosee  ground  zero  was  on  an  artificial  island  at  the 
encTof  a  causeway  about  450  feet  off  the  north  end  of  Site  Yvonne.  The  location  of  the  BRL  la- 
Btrument  stations  is  shown  in  Figure  This  shot  was  heavily  Instruraentco  for  parameters  ’ 
other  than  air  blast.  The  extensive  pipe  array  for  diagnostic  measurements  ts  shows  In  Figaro 
2.8.  Some  of  the  stations  were  In  line  of  sight  of  the  device  cab  at  ground  zero  while  others  were 
partially  shielded  because  of  an  earth  berm  (10  to  12  feet  above  grade).  The  berm  was  located 
in  the  middle  of  the  Island  and  extended  from  ground  7.ero  to  approximately  2,600  feet.  The  tabu¬ 
lation  of  data  concerning  station  numbers,  locations  and  other  pertinent  information  is  presented 
in  Table  2.1.  It  should  be  noted  that  all  stations  on  this  shot  were  located  on  one  island. 

Intended  air  zero  lor  Shot  Cherokee  was  Site  Charlie.  The  blast  line  to  the  east  consisted  of 
six  reef  stations,  one  station  each  on  the  man-made  islands  and  one  on  Site  Dog.  One  station 
was  established  on  Site  Able,  which  was  southwest  of  the  target  Island.  The  blast-line  layout  is 
shown  in  Figure  2.4.  All  data  concerning  the  station  and  gage  layout  are  listed  in  Table  2.2. 

The  expected  range  of  pressures  as  predicted  from  TM  23- '100  (Refereiuie  4)  was  from  200  psl 

TABLE  2.S  STATION  LOCATIONS,  SHOT  LACB06SE 


Station  Distance  from  Coordinates  Type  and  Number 


Number  Ground  2cro  North  East  of  Measurements 


ft 

Pt 

4 

114.15 

Yvonne . 

1,180 

105,705 

124,500 

2 

— 

115.22 

Yvonne 

1,590 

105,290 

124,640 

1 

1 

115.23 

Yvonne 

1,950 

-  104.980 

124,990 

1 

1 

115.24 

Yvonne 

2,500 

104,586 

125,499 

2 

1 

114.16 

Yvonne 

2,770 

104.356 

125,646 

2 

— 

115.25 

Yvonne 

3,350 

104,060 

126,330 

2 

— 

115.31 

Yvonne 

3,900 

103,570 

126,600 

1 

1 

114.18 

Yvonne 

4,387 

103,060 

J  26,900 

1 

— 

115.26 

Yvonne 

102,431 

127,199 

2 

1 

114.19 

Yvonne 

'  7,050 

100,750 

128,000 

1 

— 

I 

,  1 

to  1  psi  and  the  stations  were  located  to  give  the  best  coverage  for  this  span  of  pressures.  Each  | 

of  the  113  series  stations  consisted  of  three  gages  and  one  q  gage.  Ground  zero  station  on  { 

Site  Charlie  had  two  gages.  At  station  113.01,  a  distance  of  3,500  feet,  it  was  planned  to  meas¬ 
ure  surface  overpressure  versus  time  and  dynamic  pressure  versus  time  in  the  regular  reflection  I 

region.  While  at  station  113.02,  located  5,000  feet  from  ground  zero,  it  was  planned  to  measure  j 

surface  overpressure  versus  time  and  dynamic  pressure  versus  time  in  the  early  phase  of  the  1 

Mach  reflection  region. 

The  blast  lines  for  Shot  Zunl  were  established  on  the  basis  of  a  surface  burst  with  a  predicted 
yield  of  3  to  5  Mt.  One  blast  line  extended  to  the  east  along  the  Tare  Complex,  a  distance  of 
16,500  feet.  Although  the  shock  front  had  to  travel  over  water  part  of  the  time  to  reach  some  of 
the  stations,  it  was  considered  a  ground-surface  blast  line.  The  second  blast  line,  to  the  west, 
started  at  the  eastern  tip  of  Site  Uncle,  which  meant  the  shock  front  would  travel  almost  4,500 
feet  across  the  deep  water  channel  before  reaching  the  first  station.  The  blast  line  continued  in 
a  westward  direction  ending  at  a  distance  of  9,88C  feet.  With  this  unique  blast  line  the  shock 
front  would  travel  the  first  4,500  feet  over  water  while  the  remaining  portion  or  approximately 
5,400  feet  would  be  over  a  heavily  vegetated  surface.  The  blast-line  layout  is  shown  in  Figure 
2.5  and  the  station  distances  are  listed  in  Table  2.3. 

The  blast-line  layout  for  Shot  Yuma  was  unusual  in  that  it  was  only  1,000  feet  long.  The  dis¬ 
tances  were  established  from  a  height  of  burst  of  200  feet  and  a  predicted  yield  of  0.2  kt.  The 
line  was  on  one  Island  and  the  surface  was  soft  sand  with  sparse  tufts  of  grass.  The  stations 
and  distances  are  listed  In  Table  2.4,  while  the  layout  is  shown  In  Figure  2.6. 
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Two  blact  lilies  wer*  Mtmbitsbed  for  Shot  Ihea.  One  line  consisted  of  five  ststtansaiOBir* 
vegetated  surltece  and  the  other  line  consisted  of  five  stations  at  similar  distances  along  a  cleared 
surface.  The  cleared  ssrface  waa  a  soft  sand  surface,  while  the  vegetatioa  consisted  of  some 
vine  (4)omea)  and  grass  cover,  plus  almost  complete  coverage  with  broadleaf  shmlM  (aeassala^ 


Figure  2.1  Type  113  reef  station. 


10  to  IS  feet  high.  The  experiment  was  designed  for  a  7  kt  yield  at  a  height  of  burst  of  200  feet. 
The  blast-line  layout  is  sbowi  in  Figure  2,7.  Tl»e  pertinent  details  concerning  the  blast  lines 
are  listed  in  Table  2.5.  A  special  station  was  installed  on  Site  Olive  to  measure  the  effect  of 
orienUtion  on  the  BRLg  gage.  Four  gages  were  installed  at  the  same  distance  with  the  axis  of 


Figure  2.2  Type  113  man-made  island  station. 

the  center  line  of  the  gage  at  various  angles  from  zero  orientation.  One  gage,  which  was  consid¬ 
ered  the  standard,  was  oriented  with  the  nose  pointing  at  ground  zero  (0  degrees).  A  second  q 
was  oriented  with  the  axis  32  degrees  from  ground  zero,  while  a  third  gage  was  41  degrees 
and  the  fourth  gage  was  50  degrees.  This  stacion  was  located  at  2,640  feet,  where  a  classical 
wave  shape  was  expectedl 
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yj.4  IfcMiotf  of  OiUbratton.  ATI  pmsur^  swirtiig  ■teninU  imxm  ealibratad  at  ttaa  fitttnrr 
aod  BRL  «aa  furnished  with  a  tabulation  of  the  50,  100  and  200  percent  values  on  those  up  to  tbs 
0  to  SO  pal  range.  The  0  to  100  psi  range  was  tabulated  at  SO,  8S,  IQO  and  170  percent  while  tba 
0  to  ISO  pal  range  was  tabulatcdai  the.  80,  aou  no  aad  ISO  peccant.  The  g  to  MB  pal  range  waa 


Figure  2.3  Shot  Lacrosse  blast-line  layout. 


tabulated  at  50,  75,  100  and  150  percent  and  the  0  to  400  psi  range  at  50,  62.5,  100  and  125  per* 
cent.  The  company  also  supplied  BRL  with  a  plot  of  deflection  versus  pressure,  on  all  pressure 
elements.  Spot  checks  were  made  on  the  elements  when  they  were  delivered  and  the  values  were 
always  in  agreement  with  less  than  ±  0.2  percent  variation.  All  elements  used  on  the  operatioa 
were  recalibrated  on  return  to  the  laboratory  and  the  small  variation  was  still  in  evidence. 


The  data  required  by  Project  1.1  to  accomplish  its  objectives  were  measurements  of  over¬ 
pressure  versus  time  along  the  ground  surface  at  various  distances  and  dynamic  pressure  versus 
time  at  various  distances.  To  record  this  phenomena  the  BRL  p^  and  q  gages  were  used.  Both 
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Figure  2.5  Shot  Zunl  blast-line  layout. 

gages  use  the  same  principle,  that  is,  recording  a  deflection  proportional  to  pressure  on  a  re¬ 
volving  disk.  The  BRL  q  gage  recorded  the  total  overpressure  and  static  or  slde-on  overpres¬ 
sure  and  then  one  curve  was  subtracted  from  the  other  to  obtain  the  dynamic  pressure. 

The  pressure  versus  time  curve  which  was  scratched  on  a  glass  disk  had  a  curved  base  line 


Figure  2.6  Shot  Yuma  blast-line  layout. 

and  tbe  deflection  was  not  always  a  linear  representation  of  pressure.  Therefore,  it  was  neces¬ 
sary  to  reduce  the  record  to  linear  form.  On  previous  operations  this  was  accomplished  by  the 
use  of  a  toolmakers  microscope  where  the  deflection  was  read  in  thousandths  of  an  inch  and  ro¬ 
tation  read  in  degrees,  minutes  and  seconds.  Calibrations  were  then  applied  to  obtain  pressure 
versus  time. 
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Figure  2.7  Shot  Inca  blast-line  layo«;d. 

A  new  method  was  developed  to  read  the  records  from  Operation  Redwing.  Magnetic  teadlag 
heads  were  mounted  to  the  microscope  and  the  output  in  digital  units  was  recorded  on  IBM  cards 
which  were  programmed  through  the  Electronic  Discrete  Variable  Computer  (EDVAC).  Tbs  oid- 
put  oi  the  EDVAC  for  the  pressure  versus  time  records  was  in  the  form  of  IBM  cards  froaa 
which  tabulations  and  plots  were  made.  The  input  to  the  EDVAC  was  programmed  for  time  ver¬ 
sus  pressure  and  time  versus  impulse. 


i'- 

I 


Figure  2.8  Shot  Lacrosse  blast-line  obstructions. 

For  obtaining  dynamic  pressure,  the  total  pressure  versus  time  values  and  the  slde-oa  pres¬ 
sure  versus  time  Values  were  programmed  through  the  EDVAC  where  one.  curve  was  subtracted 
from  the  other.  When  the  time  on  the  separate  curves  did  not  coincide,  the  computer  InterpolatMl 
between  the  pressure  at  a  time  just  preceding  and  the  pressure  at  a  time  beyond  the  time  in  ques¬ 
tion.  The  time -pressure -Impulse  values  for  the  total,  static  and  dynamic  pressure  records  wers 
all  tabulated  and  plotted  for  final  presentation. 
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Chapter  S 

RESULTS 


3.1  SCAUNO 

To  check  the  scaling  laws  for  various  yields  and  heights  of  baral  It  is  necessary  to  normalisa 
air-blast  data  to  some  standard  so  comparisons  can  be  made.  The  standard  which  has  been  es¬ 
tablished  is  a  1  kt  radiocht  aic&l  yield  at  sea  level  ambient  presssre  and  20  degrees  centigrade. 
(A  new  standard  sea-level  ambient  temperature  of  ISC  was  estatatished  February  .1958,  but  is 
not  used  in  this  report. )  On  Sliots  Lacrosse,  Tnma  and  Inca  the  yield  was  established  from  the 
radiochemical  method,  but  on  the  larger  yields,  such  as  Shots  Cherokee  and  Zuni,  the  yield  was 
determined  by  the  hydrodynamic  method. 

The  following  scaling  relations  have  been  accepted  as  standard  and  were  used  In  this  report. 
Pressure:  Sp  * 

DlsUnce:  Sj  . 

,  „  /To  +  273V^  /u.lV^  f  l 

Impulse: 

Miere:  W  =  Yield  of  the  device  in  kilotons 

Pq  Ambient  pressure  in  psi  at  burst  height  or  measairciiient  height 

Tg  =>  Ambient  temperature  in  degrees  Centigrade  at  Iwrst  height  or  measurement 
height 

Scaling  to  ambient  conditions  at  burst  height  is  known  as  straight  Sachs  scaling  or  A-scallng 
and  is  used  for  the  scaling  factors  presented  in  Table  3.1. 

3.2  SHOT  LACROSSE 

This  shot  was  a  surface  burst  with  a  predicted  yield  of  40  kt  sad  measured  yield  of  37.8  kt. 
Ground  zero  was  on  an  artificial  island  at  the  end  oi  a  causeway  hbout  450  feet  off  the  north  end 
of  Site  Yvonne. 

3.2,1  Gage  Performance.  A  total  of  15  pj  gages  and  6  q  gages  were  installed  for  this  shot. 
Records  obtained  from  the  p^  gages  at  the  last  four  stations  were  ensatisfactory,  because  the 
thermal  radiation  did  not  melt  the  carbon  paper  patch  placed  over  the  pressure  inlet  hole  and 
the  gage  at  the  last  station  did  not  run.  It  was  necessary  to  cover  the  pressure  inlet  hole  be¬ 
cause  fine  blown  sand  tended  to  clog  the  hole  when  it  was  uncovered.  Since  this  was  a  surface 
shot  and  there  were  many  structures  and  earth  mounds  <d>scuring  the  line  of  sight,  the  gages  at 
the  greater  distances  were  shielded  from  the  thermal  pulse.  The  station  at  7,050  feet  did  not 
start  from  the  photo  initiator  and  the  thermal  link  was  still  in  posilioa. 
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3.i.t  jUr-Blart  Presaury  Veraiig  nme.  P«Ut  overpressure  measured  along  the  Mast  no* 
hy  BRL  ranged  from  136  psl  to  4.6  psL  Ttwse  were  surface  pressure  measurements  since  the 
gage  face  uras  Inatalied  flush  with  the  surface  of  tte  ground.  The  measurements  at  the  atatloua 
along  the  blast  line  are  listed  In  Table  S.2.  The  records  of  pressure  versus  time  for  Shot 
crosse  are  presented  in  Appendix  B. 

Although  this  was  a  surface  burst,  a  precursor  type  wave  form  was  recorded  at  Station  114,15, 
which  was  located  1,180  feet  from  ground  xnro.  The  precursor  was  short  lived  and  the  cyclic 
change  noted  on  the  Operation  Teapot  precursors  nas  not  recorded  (Reference  3).  The  wave 
form  was  classicai  at  Station  115.23,  located  at  l,tS0  feet.  Values  of  recorded  peak  overpres* 
sure  are  plotted  In  Figure  3.1. 


TABLE  3.1  SCALING  FACTORS,  AMBIENT  CONDmOMS  AT  BURST  HEIGHT 


Shot 

Yield 

Method 

Lacrosse 

37.8  kt 

Radiochemical 

Cherokee 

3.8  Mt 

Hydrodynamic 

Zuni 

X53  Mt 

Hydndynamic 

Yuma 

0.188  kt 
Radiochemical 

Inca 

14.8  kt 

Radiochemical 

Height  of 
Burst,  feet 

14.» 

4,320 

•.29 

200 

200 

P^.  P.l 

14.62 

12.60 

14.64 

14.53 

14.53 

T^.  C 

20.6 

16.3 

2«.6 

25.2 

24.3 

®P 

l.OOS 

1.167 

1.S04 

1.012 

1.012 

«d 

0.2970 

0.060S 

•.0655 

1.7371 

0.4057 

®t 

0.2972 

6.0605 

•10656 

1.7541 

0.4087 

Si 

0.2987 

0.07u« 

OlOOSS 

1.7761 

0.4134 

Height  of 
Burst  Scaled 
to  1  kt  at 

Sea  Level 

4.4 

263.1 

•.56 

347.4 

61.1 

3.2.3  Dynamic  Pressure.  Dynamic  pressure  values  measured  on  Shot  Lacrosse  are  presented 
in  Table  3.2.  The  uncorrected  values  were  obUiacd  by  subtracting  the  static  or  side-on  overpres¬ 
sure  from  the  total  or  stagnation  overpressure.  That  is  q'  >  Ap'p  -  Ap' .  This  does  not  mean 
that  the  peak  Ap'p  value  minus  the  peak  Ap'vah^  as  listed  in  the  table,  will  always  give  the 
peak  value  because  the  peak  values  may  occur  aft  different  times.  To  present  a  realistic  value 
o(q'(.,  the  curves  have  been  smoothed  where  excessive  oscillations  occur  at  the  initial  portion  of 
the  record.  The  dynamic  pressures  were  corrected  for  compressibility  and  flow  as  mentioned  in 
Section  1.3,  and  the  corrected  peak  pressures  are  listed  in  Table  3.2.  A  curve  of  corrected  dy-- 
namlc  pressure  versus  distance  is  plotted  in  Figure  3.2.  Records  of  total,  slde-on  and  dynamic 
pressure  (uncorrected)  are  presented  in  AppemUx  B. 

3.2.4  Arrival  Time,  Duration  and  Impulse.  The  blast  wave  arrival  time  measured  on  all 
records  has  been  corrected  for  the  motor  start-up  lime  and  listed  in  Table  3,2  along  with  posi¬ 
tion  duration  and  impulse.  The  procedure  for  applying  this  correction  is  presented  in  Appendix 
A.  Corrected  values  of  blast  arrival  time  are  jrihiltcd  in  Figure  3.3.  In  the  same  figure  the 
duration  of  the  positive  pressure  versus  distance  has  also  been  plotted.  At  stations  where  the 
arrival  time  of  the  blast  wave  was  less  than  400  sure  it  was  also  necessary  to  apply  a  correction 
factor  to  the  positive  pressure  duration  (see  Sectioa  A  of  Appendbc  A). 

The  positive  impulse  for  all  records  and  A'p  records  on  which  a  complete  history  of  pres¬ 
sure  versus  time  was  measured  are  plotted  in  Figure  3.4.  Impulse  values  of  dynamic  pressure 
have  not  been  plotted  because  they  should  be  larger  than  shown  in  Table  3,2.  On  some  of  the 

22 

SECRET 


.t'h'  I  «'•.  i*'  -J  ^-1 


1 

I 


1 


TABLB  X2  Aia-BLAST  DATA.  •HOT  LAOBOeSl 

Ois«  itoalvuiloM:  pt  •  lUt- w pi*«*ure  voriui  Ume,  pt  gafc;  Ap'p  ■  total  praaaura  oaraua  tlMo,  % gagaa 
Ap»  «  aldo-op  proaaura  o«f—  MWi  q  H*b  *  «lyt»«inle  praaauro  vorawa  Mata.  ,  ,  ■  — -  r 

T'tJOVA  ...  •.  ...  aaa— 1.1 


Location 

Site 

11 

Oa(e  Type 
and 

Number 

Peak 

Overpreeaure 

Arrival 

Time 

PoelUve 

Duration 

Total 

Impulaa 

Dynamic 
Preaaura,  On 

lUmarko 

ft 

pel 

•eo 

64M 

pai-aao 

pal 

114.15 

Yvonaa 

M5t 

p^-105 

135.0 

0.105 

0.311 

5.235 

— 

P^-  M 

135.0 

0.100 

0.345 

4.801 

115.22 

Yvonne 

1.SM 

p^-201 

SA3 

— 

— 

— 

— 

• 

Ap'p-  25 

150.0 

0.23: 

o.iei 

2.823 

Ap*-  25 

50.0 

0.235 

0.011 

11.695 

— 

q*-  26 

110.0 

0.235 

— 

— 

73.5 

t 

11S.22 

Yvonne 

1.5S5 

p^-137 

35.9 

0.311 

0.541 

4.104 

— 

Apy  15 

49.7 

0.445 

0.017 

5.054 

— 

Ap<>  16 

34.1 

0.445 

0.483 

4.141  ‘ 

— 

q*‘  IS 

15.0 

0.445 

2.198 

4.000 

1S.9 

115.24 

Yvonne 

2.555 

Pj-  <9 

17.0 

0.747 

0.661 

3.457 

— 

P,-  53 

21.1 

0.679 

0.552 

3.755 

— 

Ap*  -  17 

32.5 

0.110 

0.635 

4.SS7 

— 

P 

17 

— 

— 

— 

— 

— 

t 

-  17 

— 

— 

— 

t 

114.i« 

Yvonne 

2,215 

P,-  M 

15.1 

0.914 

0.131 

3.304 

— 

p^-202 

15.8 

0.910 

0.130 

3.458 

11S.2S 

Yvonne 

3,215 

Pj-  58 

10.0 

1.360 

0.061 

2.015 

— 

p^-12S 

7.3 

1.252 

0.915 

2.817 

t 

Ap«p.  15 

13.1 

1.460 

0.556 

2.401 

— 

Ap'-  IS 

10.5 

1.400 

0.550 

2.007 

q*-  16 

2.5 

1.440 

0.443 

0.335 

1.3 

115.31 

Yvonna 

3,955 

P,-  «5 

3.7 

1.550 

0.123 

1.455 

t 

Ap'p-  15 

8.0 

1.515 

0.684 

2.210 

— 

Ap<-  15 

7.8 

1.915 

0.002 

1.855 

— 

a»  -  16 

^0 

1.1 

1.915 

0.694 

0.255 

1.04 

114.15 

Yvonne 

4,315 

p^-109 

3.8 

2.060 

0.663 

1.584 

— 

t 

115.25 

Yvonne 

5,255 

3.0 

2.042 

1.052 

la453 

— 

t 

p^-145 

4.ft 

— 

— 

— 

Ap'  -  15 

5.0 

2.623 

0.943 

1.915 

— 

Ap'-  15 

4.5 

2.023 

0.928 

1.651 

— 

-  16 

0.5 

2.623 

0.858 

0.1C4 

0.40 

114.19 

Yvonne 

1,555 

Pj-139 

No  Readable  Record 

*  Peak  proasure  only  otaatecA 
t  Values  uuiild  nut  be  ubUtocA 
t  Pressure  value  nut  cuasiAi  red  valid. 
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rwcoiTli  ttw  rts9  time  of  the  alde-oir  pressure  record  Is  taster  than  the  total  pressure  record. 
This  then  implies  a  negatlre  dynamic  pressure  during  the  Initial  portion  of  the  record  and  tbero> 
lure  a  aegaUve  Impulse  during  that  portion.  This  Ineonalatency  can  he  aeea  on  the  records  prsi* 
aented  In  Appendix  snd  most  be  reckoned  with  when  correlating  other  blast  psrameters  urlth 
dynamic  Impulse. 

3.3  SHOT  CHERfHCEB 

Shot  Cherokee  was  the  first  air  drop  of  a  megaton-yield  device.  It  was  planned  to  detonate 
at  an  altitude  greater  than  1  times  the  fireball  radius  so  that  basic  blast  phencmenoldgy  could 
be  measured  on  a  true  t.^ee-alr  burst.  The  successful  accomplishment  of  the  projects*  objeO'- 
tlves  on  this  shot  was  seriously  hampered  by  an  error  In  the  placement  of  the  device  at  the  In¬ 
tended  air  zero.  The  length  of  the  blast  line  was  changed  from  one  starting  at  ground  zero  and 
ending  at  35,580  feet  to  a  blast  line  starting  at  17,500  feet  and  extending  to  30,711  feet  (Figure 
3.4). 

3.3.1  Gage  Performance.  Project  t.l  had  a  larger  participation  on  this  shot  than  any  of  the 
other  shots.  A  total  of  35  p^  gages  and  11  q  gages  were  Installed  for  the  blast  line  Instrumenta¬ 
tion.  Twelve  p^  gages  and  three  q  gages  were  Installed  for  the  blast  diffraction  studiea  over  the 
man-made  islands. 

Considerable  instrumentation  difficulty  was  encountered  during  the  preshot  phase.  Malfunc¬ 
tion  of  both  initiation  methods  was  the  primary  difficulty  encountered.  The  photo  Initiation  cir¬ 
cuit  was  preinitiating  and  the  cause  could  not  be  Immediately  determined.  Details  on  the  circuit 
and  the  malfunction  are  ejqplalned  in  Appendix  B.  There  was  considerable  delay  in  the  shot  day. 
The  thermal  links,  which  were  used  as  a  back-up  Initiation  system,  began  to  preinitiate.  The 
links  were  under  a  stress  and  the  low  melting  point  alloy  had  a  tendency  to  creep  when  exposed 
over  an  extended  period.  The  metal  creep  alio  ved  the  switch  to  close  starting  the  gage  before 
shot  time.  Therefore,  it  was  necessary  to  make  frequent  inspection  trips  and  reset  gages  that 
had  run. 

Nine  of  the  47  p^  gages  and  3  of  the  14  q  gages  recorded  peak  overpressure  only,  because  of 
the  preinitiation  of  the  gages. 

3.3.2  Air-Blast  Pressure  Versus  Time.  The  nearest  station  to  the  actual  ground  zero  was 
approximately  17,000  feet;  therefore  all  high  pressure  phenomena  were  lost,  as  were  measure¬ 
ments  in  the  regular  reflection  region.  The  accuracy  of  many  of  the  records  was  diminished  be¬ 
cause  the  ranges  of  the  pressure-sensing  capsules  was  10  to  40  times  greater  than  the  actual 
pressure  arriving  at  the  stations.  On  Site  Charlie,  the  Intended  ground  zero,  a  capsule  range 
of  0  to  400  psi  was  used,  but  the  actual  pressure  measured  was  less  than  12  psL 

Of  the  38  pressure-time  records  obtained,  six  were  considered  unreliable  for  plotting  a  curve 
of  pressure  versus  distance  because  of  the  small  amplitude  of  the  record  or  the  extreme  oscilla¬ 
tion  believed  to  be  caused  by  the  orientation  of  the  detonation  with  regard  to  the  gage  mounts 
(Figure  2.1). 

There  appears  to  be  a  deviation  In  the  pressure-distance  curve  where  the  reef  stations  end 
and  the  land  stations  begin.  As  shown  In  Table  3.o  and  Figure  3.5,  Reef  Stations  113.05  and  113.0S 
are  nearer  ground  zero,  but  show  a  lower  pressure  than  Station  113.07  which  is  at  a  greater  dis¬ 
tance,  but  located  on  a  man-made  island  where  the  gages  werr.  installed  flush  with  the  surface. 

In  Figure  3.6,  a  record  from  Station  113.07  and  one  from  113.06  are  plotted  on  the  same  time  and 
pressure  scale.'  This  figure  shows  quite  well  the  effect  of  the  gage  mount  in  lowering  the  initial 
portion  of  the  recorded  pressure  versus  time.  In  Figure  3.7,  records  of  pressure  versus  time 
from  a  series  of  shock  tube  tests  are  presented.  Records  were  made  using  a  Vt  scaled  model  cR 
the  mount  and,  under  similar  conditions,  records  were  made  using  a  large  baffle  on  the  en^  of 
the  mount.  Results  of  these  tests  indicate  that  a  reduclion  of  as  much  as  25  percent  may  be  ex¬ 
pected  when  using  the  type  gage  mount  used  along  the  reef  for  Shot  Cherokee.  Pressure  values 
have  been  plotted  in  Figure  3.5  assuming  a  25  percent  attenuation  In  pressure  due  to  gage 
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Figure  3.5  Pressure  versus  distance.  Shot  Cherokee. 


Figure  3.7  Plot  of  shock  tube  record  with  and  without  baffle. 


WITH  eAFFLC 
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The  gages  at  any  one  reef  station  check  well  when  compared  with  each  other,  but  the  wave  shape 
is  not  consistent  at  the  various  reef  stations  (see  Appendix  B).  Three  records  from  Station  ttS.Of 
are  plotted  in  Figure  3.8  to  show  the  comparison  of  three  gages  in  similar  positions  on  a  man¬ 
made  island.  The  difference  in  the  initial  portion  of  the  record  is  caused  by  the  reflected  wave 
from  the  structure  arriving  at  the  gages  at  different  times  because  of  the  separation  of  the  gages. 
Average  values  of  peak  pressures,  arrival  times,  durations  and  impulse  are  listed  in  Table  3.4. 

3.3.3  Dynamic  Pressure.  Records  obtained  from  the  q  gages  were  essentially  a  complete 
loss  for  obtaining  usable  dynamic  pressure.  The  gage  being  unidirectional  was  oriented  toward 
the  intended  ground  zero,  but  the  air-zero  error  caused  the  shock  front  to  strike  the  gages  at 
angles  other  than  normal  to  the  axis.  The  shock  front  struck  some  of  the  gages  from  the  rear, 
some  broad  side  and  some  from  the  front  at  large  angles.  The  angles  between  the  axis  of  the  q 
gage  and  the  actual  ground  zero  are  listed  in  Table  3.3.  An  angle  of  90  degrees  would  mean  the 
shock  front  struck  broadside,  while  at  greater  than  90  degrees  it  would  be  from  the  rear.  From 
the  q  gage  records  presented  in  Appendix  B,  it  can  be  seen  that  when  the  shock  front  strikes  the 
gage  at  any  angle  other  than  normal  to  the  axis  a  lowering  of  recorded  pressure  of  both  the  total 
and  static  records  occurs.  The  values  from  Stations  113.01,  113.02,  113.03  and  113.04  have  not 
been  listed  in  Table  3.3  due  to  extremely  small  deflections  causing  unreliability  and  Inconsistency 
of  the  data. 

3.3.4  Arrival  Time,  Duration  and  Impulse.  Arrival  times  of  the  shock  front  at  the  gage  posi¬ 
tions  are  listed  in  Table  3.3  and  plotted  in  Figure  3.9.  When  compared  with  the  arrival  times 
measured  by  electronic  Instrumentation  on  Man-klade  Islands  1,  2  and  3,  and  Sites  Dog  and  Able, 
the  self-recording  gage  times  are  consistently  low.  It  Is  believed  that  the  majority  of  the  gages 
did  not  initiate  from  the  photo  circuit,  but  rather  from  the  thermal  link.  On  this  shot  the  photo¬ 
circuit  pickup  was  directional  and  faced  intended  ground  zero.  A  three  density  filter  was  used 
so  the  gage  would  not  initiate  in  bright  sunlight.  Therefore,  it  is  felt  that  the  light  from  the  det¬ 
onation  entering  the  photo  pickup  from  the  side  or  rear  did  not  initiate  many  of  the  gages.  In 
many  instances,  because  of  the  difficulty  with  the  creep  in  the  thermal  links,  two  were  sometimes 
used  on  a  gage.  Since  the  flat  side  was  not  facing  actual  ground  zero,  there  was  an  increased  lag 
in  the  parting  time  of  the  link.  This  lag  was  not  consistent  and  might  vary  from  a  few  milliseconds 
to  more  than  one  second.  All  arrival  times  have  been  adjusted  for  the  lag  due  to  the  start  up  time 
of  the  motors. 

The  durations  of  the  positive  pressure  pulse,  along  with  arrival  times,  are  listed  in  Table  3.3 
and  plotted  in  Figure  3.9.  Durations  from  the  q  gages  are  not  plotted  because  of  the  difficulty  in 
determining  the  time  at  which  the  cross  over  takes  place.  This  difficulty  was  caused  by  the  ex¬ 
tremely  small  deflections  and  excessive  pressure  P.uctuations  due  to  vortex  shedding  from  the 
q  gage  body. 

The  impulse  of  the  positive  pressure  pulse  is  listed  in  Table  3.3  and  plotted  in  Figure  3.9. 

There  is  some  scatter  from  the  reef  station  gages  but  this  would  oe  expected  since  there  was 
also  scatter  in  the  pressure  measurements.  The  values  plotted  in  Figure  3.9  were  taken  from 
the  average  values  listed  in  Table  3.4. 

3.4  SHOT  ZUNI 

Shot  Zuni  was  a  3.5  megaton-yield  device  detonated  approximately  9  feet  above  ground  surface. 
Project  i.l  instrumented  two  blast  lines  for  this  shot.  The  blast-line  layout  was  similar  to  the 
one  established  on  Shot  3  of  Operation  Castle  (Reference  1).  The  blast  line  area  on  Site  Uncle 
which  had  been  cleared  for  Operation  Castle  had  grown  over  with  heavy  vegetation  for  Operation 
Redwing.  Project  1.1  also  instrumented  two  Stations,  156.01  and  156.02,  for  Project  1.5.  These 
stations  were  located  near  the  concrete  cubicle  structure  and  will  be  described  in  this  report. 
Certain  stations  were  instrumented  to  measure  pressure  caused  by  the  passage  of  water  over 
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[  TABLE  3.3  AIR-BLAST  DATA.  SHOT  CHEROKEE 
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OomparlKm  of  records  of  pressure  versus  time  trom 


gages.  Flrom  the  water  pressure  measured,  the  height  of  the  water  ware  could  be  detenota^ 
No  deflections  that  could  be  attributed  to  water  pressure  were  observed  on  the  records. 

3.4.1  Gage  Performance.  There  were  19  p^  gages  installed  for  blast  Use.  measareneatB. 
Eight  pt  gages  were  installed  lor  measuring  water  pressure  and  two  for  measuring  air  blast  at 
the  Project  1.5  structure.  Three  of  the  close-in  pt  gages  were  blown  or  washed  from  their 


Figure  3.9  Impulse,  arrival  time,  duration  versus  distance.  Shot  Cherokee. 


mounts  and  were  not  recovered.  One  p^  gage  record  disk  was  broken  and  the  pieces  were  so 
small  the  record  could  not  be  salvaged.  Four  of  the  21  disks  recovered  from  the  p|  gages  re¬ 
corded  peak  pressure  only.  The  same  preinitiation  difficulties  experienced  on  Shot  Cherokee 
were  still  evident  on  Shot  Zuni. 

Of  the  nine  q  gages  installed,  seven  were  recovered  on  the  first  entry  day.  The  other  two 
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wen  not  recovored  onttl  the  following^  day,  becnnse  Station  11S.06  was  blown  or  washed  4S0  Imt 
to  the  rear  and  was  found  covered  with  abwt  a  foot  of  water.  The  q  gage  at  Station  119.07  wem 
aUra  blown  or  washed  40  feat  to  toe  northeast  and  partially  covered  with  sand.  M  Station  11SJ^» 
the  mount  was  hr  place,  bat  was  bent  no  the  gagepolnted  upward.  The  node  of  the  gage  was 
found  150  feet  to  the  rear  with  no  disk  on  the  turntable.  The  mount  at  Station  115.11  was  la  plaee 
with  the  complete  gage,  but  bent  back  at  an  angle  of  approximately  45  degrees.  The  q  gage  todng 
ground  zero  at  Station  156.02  was  bent  30  degrees  and  both  forward  guy  wires  were  broken.  Tbs 
gage  mounted  at  an  orientation  of  45  degrees  from  ground  zero  was  bent  over,  horizontal  to  tbs 
ground,  with  all  guy  wires  broken. 

3.4.2  Air-Blast  Pressure  Versus  Time.  There  is  definite  evidence  that  a  precursor-type 
wave  was  generated  by  the  Shot  Zuni  detonation.  In  Appendix  B  the  records  of  pressure  versos 
time  are  presented.  The  wave  shapes  at  Stations  115.06,  114.07  and  115.07  on  the  Tare  Oostolex 
indicated  a  precursor  was  formed  and  extended  to  a  distance  greater  than  0,300  feet.  The  eat 
station  along  the  Tare  Complex  was  located  at  10,400  feet  and  appeared  to  be  classical  Ir  ships 
although  there  was  a  slight  disturbance  at  the  Initial  peak.  It  is  felt  that  the  disturbance  reooriid 
at  this  station  and  at  the  stations  at  greater  distances  along  the  Tare  Complex  was  a  functloaeC 
the  location  of  the  gage  and  the  roughness  of  the  terrain,  rather  than  the  precursor. 

The  blast  line  on  Site  Uncle  had  considerable  washing  over  the  first  stations.  The  moulds 
used  on  Station  114.10  were  used  on  Operation  Castle  and  were  essentially  flush  with  the  suites 
of  the  ground  before  the  shot.  One  gage  at  this  station  had  a  split  capsule  and  the  disk  In  tbs 
other  gage  was  broken  into  small  pieces  and  could  not  be  read.  The  disk  from  the  gage  at  StaUos 
115.10  was  also  broken  and  only  a  peak  overpressure  is  presented.  The  gage  at  Station  114.11 
recorded  a  pressure  versus  time  record,  but  the  initial  portion  of  the  record  was  not  considored 
reliable  for  any  wave  shape  consideration.  It  is  felt  that  some  of  the  irregularities  in  the  decagy- 
ing  portion  of  the  positive  pressure  phase  were  due  to  the  glass  disk  slipping  on  the  turntaUs 
because  of  extreme  acceleration.  The  records  from  both  gages  at  Station  115.11  show  the  ex¬ 
pected  precursor  wave  shape.  Again  on  Gage  214,  it  appeared  that  the  disk  slipped  and  Pinsed 
an  apparent  change  in  pressure.  The  initial  portion  of  the  two  records  showed  a  favorable  com¬ 
parison.  The  two  gages  at  Station  115,12  agreed  in  wave  shape  and  both  showed  a  rounded  treet 
as  though  the  precursor  had  not  completely  cleaned  up.  Again  it  appeared  that  the  disk  slipped 
on  Gage  C68  at  approximately  600  msec  (see  Appendbt  B). 

Stations  156.01  and  156.02  were  installed  for  Project  1.5,  but  are  reported  in  this  secUoe. 
Station  156.02  located  at  9,600  feet,  was  nearer  ground  zero  and  much  closer  to  the  water  ser- 
face.  This  station  recorded  a  wave  shape  similar  to  Station  115.08,  located  at  10,400  feet  getbe 
Tare  Complex.  Station  156.01,  located  at  9,700  feet,  was  only  100  feet  farther  from  grouadaeni^ 
but  because  of  the  shape  of  the  shore  line  the  shock  front  had  to  travel  over  several  hundred 
more  feet  of  land  to  reach  the  station.  The  wave  shape  was  similar  to  that  recorded  at  Statte 
115,12,  although  the  peak  was  a  little  more  rounded. 

The  curve  of  pressure  versus  distance  is  plotted  in  Figure  3.10  and  the  peak  values  are  listed 
in  Table  3.5.  There  appears  to  be  some  difference  in  the  two  blast  lines  at  the  higher  prea— rie, 
but  the  23  psl  pressure  level  occurs  at  the  same  distance  on  both  blast  lines.  It  appears  froei 
the  pressure-time  records  in  Appendix  B  and  the  pressure-distance  curve  in  Figure  3.10  thii 
the  record  from  Station  114.11  could  be  classified  as  a  Type  B  precursor  wave  shape,  and  tbs 
pressure  would  be  expected  to  be  lower  than  Station  115.11  which  may  be  classified  as  a  Type  C 
wave  shape.  See  Reference  5  for  precursor  wave-shape  classification. 

3.4.3  Dynamic  Pressure.  The  dynamic  pressure  versus  time  is  questionable  on  many  of  lbs 
records  because  some  of  the  mounts  were  blown  out  of  position  and  others  were  benf  so  toe  taller 
portion  of  the  positive  pressure  pulse  was  striking  the  gages  at  extreme  angles  of  pitch.  This 
would  tend  to  lower  both  the  total  measured  pressure  and  side-on  measured  pressure,  but  aothgy 
the  same  amount.  It  is  believed  that  the  peak  values  are  reasonably  valid,  but  as  can  be  seen  la 
Table  3.5  the  positive  durations  are  inconsistent.  The  peak  dynamic  pressure  values  have  beca 
corrected  for  Mach  flow  and  compressibility  and  plotted  in  Figure  3.11.  The  correction  ippUad 
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— 

— 

— 

Kot  Recovered 

Ap'p-  20 

163.0 

i.seo 

0.344 

21.444 

t 

Ap*-  20 

110.0 

1.566 

6.344 

14.961 

t 

q*  -  20 

56.0 

1.566 

0.344 

A163 

48.2 

IM.OT 

Roger 

6.!)00 

P,-36 

45.3 

t 

1.116 

12.026 

t 

11S.07 

Hogcr 

6,300 

Pj-211 

34.6 

t 

t 

t 

t 

Pj-»14 

35.0 

2.146 

2.166 

19.813 

t 

AP*p-  21 

54.0 

1.554 

2.056 

25.143 

t 

Ap‘-  21 

35.0 

1.556 

3.166 

24.276 

t 

q«  -  21 

20.0 

1.556 

0.455 

5.350 

17.5 

115.08 

Peter 

10,400 

P^-  90 

20.6 

2.736 

2.917 

17.640 

t 

AP*p-  22 

29.4 

3.265 

0l617 

12.661 

t 

• 

Ap*.  22 

20.9 

3.265 

0.017 

10.047 

t 

q;-  22 

8.5 

3.265 

A640 

2.657 

8.2 

114.08 

Peter 

11,700 

Pj-128 

17.2 

3.376 

2.344 

12.229 

t 

Pj-163 

17.0 

3.353 

SAOl 

16.704 

t 

115.09 

Peter 

13,600 

P,-  26 

11.6 

— 

— 

— 

— 

e 

Ap«p-  23 

15.0 

5.460 

1A61 

9.426 

t 

Ap'-  23 

11.5 

5.480 

1.476 

6.884 

♦ 

q'^-23 

3.7 

5.460 

3.602 

3.660 

X2 

114.09 

Oboe 

16,500 

P,-  9 

6.0 

5.630 

X617 

11.206 

t 

Pj-24 

8.6 

6.240 

3.732 

11.420 

♦ 

114.10 

Uncle 

4,470 

P,-U 

200.0 

— 

— 

— 

— 

• 

P,-204 

— 

— 

— 

— 

— 

Not  Recovered 

115.10 

Uncle 

5,090 

Pj-101 

124.0 

— 

— 

— 

— 

• 

Ap*  •  24 

— 

— 

— 

— 

— 

Kct  Recovered 

Ap'-  24 

— 

— 

— 

— 

— 

f 

— 

—  • 

— 

— 

— 

t 

114.11 

Uncle 

5,920 

P,-216 

57.5 

0.936 

Loa 

29.441 

t 

115.11 

Uncle 

7,020 

P,-214 

67.7 

1.370 

1.5761 

25.5901 

t 

P,-l«2 

65.3 

1.046 

1.0tt 

21.925 

t 

Ap’p-  « 

— 

— 

— 

— 

— 

No<  Recovered 

Ap*-  25 

— 

— 

— 

— 

— 

t 

— 

— 

— 

— 

t 

3S 

SECRET 


t 


8.4.4  Arriwl  Time,  Duration  and  Impulse.  The  corrected  values  of  arrival  time  are  listed 
In  fUbtm  8.S,  aad  ploUed  ia  Figure  8.12.  Theft  is  soaos  scatter  ot  arrival  tiaosa,  although  8ta>- 
tion  11S.0T,  at  8,300  feet,  is  the  onlf  value  which  falls  outside  the  espeeted  spread  for  this  shot; 
The  values  at  positive  duration  are  also  plotted  in  the  same  figure.  There  is  considerable  scat- 


■m 

m 

IBP 

^Bi 

II 

imi 

BB 

WM 

im 

HIB 

WSk 

^^Bl 

B 

bb 

1 

B 

«»<-.— -  "  I  - . . .  ‘ - - 

'  e  .  •  >0  te 


**««.  w*  'ctr 


FigHre  3.12  Arrival  time  and  positive  duration  versus,  distance.  Shot  Zunl. 


ter  ia  the  data  points  but  this  was  expected  since  it  appears  from  some  of  the  records  that  the 
glass  disk  slipped  on  the  turntable  causing  a  shift  in  base  line  which  changed  the  positive  duration 
of  those  records. 

The  total  positive  impulse  is  listed  in  Table  3.5  and  plotted  in  Figure  3.13.  There  is  much 


Figure  3.13  Total  impulse  versus  distance.  Shot  Zunl. 

4 

less  scatter  ct  the  impulse  values  than  the  duration  values.  The  dynamic  pressure  impulse  values 
have  not  bees  plotted  because  it  is  felt  they  would  be  misleading.  Some  of  the  q  gages  were  dis¬ 
placed  great  distances  and  many  of  the  mounts  were  bent,  which  changed  the  angle  of  orientation 
of  the  gage  axis  and  the  shock  front  and  .caused  the  measured  pressure  to  decay  at  a  rate  other 

than  normaL 
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3Ji  SHOT  YUMA 

Sbot  Yuma  was  detonated  <d  a  200-Ioot  hatgtd  ot  burat.  Tba  predicted  pMd  «aa  appratioialelr 
§J  kt  with  an  upper  Umit  of  2  kt. '  The  achml  meaenred  radiochemical  yield  was  0.188  kt.  Shot 
Tbma  was  the  first  fractionat-klloton  device  to  be  detonated  at  the  EPC.  Therefore,  It  afforded 
aa  opportunity  to  expand  the  knowledge  of  blast  phenomena  resulting  from  small  nuclear  detona- 
ttona. 


3.5.1  Gage  Performance.  Because  of  thj  small  yield,  the  expected  duration  of  the  positive 
pressure  pulse  was  extremely  short.  Therefore,  a  higher  speed  was  used  to  drive  the  turntable. 
A  S-rpm  motor  is  normally  usedfor  medium  and  high  yield  devices,  but  to  gain  better  time  re¬ 
solution  a  10-rpm  motor  was  used  for  this  shot.  The  10-rpm  .motor  appeared  to  be  more  sensl- 
fire  to  acceleration  than  did  the  3-rpm.  The  measurement  of  pressure  versus  time  was  not 
recorded  by  some  of  the  gages  because  the  motor  apparently  stopped  Just  after  the  shock  front 
the  gage  and  then  started  again  during  the  decay  of  the  positive  pressure  pulse.  When  this  hap¬ 
pens  the  positive  duration  and  impulse  values  are  lost. 

3.5.2  Surface-  Air-Blast  Pressures.  The  blast  line  for  this  shot  was  only  1,000  feet  long. 
Therefore,  the  arrival  times  were  short.  Because  of  the  start-up  time  of  the  motors  It  was 
necessary  to  correct  the  arrival  time  and  also  the  positive  duration.  At  the  close-in  stations 
the  motor  was  still  accelerating  to  attain  a  constant  rpm  during  the  arrival  time  and  the  positive 
Airation.  The  peak  overpressure  values  listed  in  Table  3.6  are  plotted  in  Figure  3.14.  Four 
extra  P(  gages  were  Installed  for  Shot  Yuma  to  test  new  initiation  circuits.  The  circuits  were 
dependent  upon  nuclear  radiation  for  initiation  rather  than  thermal  or  light.  One  gage  out  of  the 
three  worked  and  the  fourth  gage  was  not  recovered.  Refinements  will  be  made  and  the  new 
circuits  will  be  tested  on  future  operations. 

There  was  considerable  scatter  between  some  measurements  made  at  the  same  distance.  At 
present  no  explanation  can  be  found  for  the  difference  in  the  two  p^  records  from  Stations  115.01 
aad  115.02.  These  records  do  not  fall  within  the  normal  scatter  expected  from  two  gages  at  the 
same  distance.  Average  values  of  peak  overpressure  are  plotted  In  Figure  3.14. 

3.5.3  Dynamic  Pressure  Measurements.  The  q  gages  showed  evidence  of  extreme  accelera¬ 
tion  and  all  records  with  the  exception  of  the  last  station  were  reliable  for  peak  pressures  only 
and  not  for  duration  or  impulse.  Most  of  the  g.iges  started  but  when  the  shock  front  arrived  the 
tnrntable  slowed  down  and  then  started  again  or  stopped  completely.  The  peak  recorded  dynamic 
pressure  values,  with  the  corrected  values,  are  listed  in  Table  3.6.  The  corrected  values  are 
plotted  in  Figure  3.14. 

3.5.4  Arrival  Time,  Duration  and  impulse.  The  recorded  values  of  arrival  time,  duration 
and  Impulse  are  listed  in  Table  3.c.  The  arrival  times  and  durations  are  plotted  In  Figure  3.15. 
Corrections  for  the  lag  in  motor  start-up  time  have  been  applied  to  the  arrival  time,  duration, 
and  impulse  measurements  where  applicable.  Only  one  value  for  dynamic  Impulse  was  recorded, 
and  it  Is  listed  in  the  table  but  is  not  plotted.  Although  there  appeared  to  be  some  scatter  of 
values  plotted  in  Figure  3.15,  It  must  be  noted  that  these  were  extremely  small  units  of  time  and 
distance. 

Values  of  impulse  are  plotted  and  presented  in  Figure  3.16.  All  points  with  the  exception  of 
two  values  show  a  good  trend. 

3.6  SHOT  mCA 

Project  1.1  Instrumented  Shot  Inca  to  back  up  the  electronic  measurements  being  made  by 
Project  1.10.  The  gage  pressure  transducers  were  selected  based  on  a  predicted  yield  of  7  kt. 
The  actual  radiochemical  yield  was  measured  as  14.8  kt.  Whenever  the  actual  yield  of  a  device 
becomes  approximately  100  percent  greater  than  predicted,  it  poses  many  problems  for  the  proj- 
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TABLE  3.1  AIR-BLAST  DATA.  SHOT  TUMA 

OagF  dMlgnaUoMt  pi  •  •i(te*«n  pnamu9  vemia  Um»,  P|  gaf*;  >  MUl  pnHura  vamii  Um,  %MM 

A|)»  8lde-on  prt;»aurc  vcrim  tt.nni,  >1  t»gfi  »  clynamlc  pn»»«ur»  lima. 


Station 

Site 

Uiatance 

Oage  Type 
and 

Number 

Peak 

Preaaura 

Arrival 

Time 

Polittve 

Duration 

tmpulae 

Corrected 
DynamiO 
Pressure,  q„ 

Remarke 

A 

paV"' “ 

ii'e" 

■ec 

pal-aeo 

pal 

114.01 

Sally 

0 

p^-202 

— 

— 

— 

_ 

— 

Not  Recovered 

P,-  » 

— 

— 

— 

— 

— 

Not  Recovered 

11S.01 

Sally 

181 

P,-« 

107.0 

— 

— 

— 

— 

« 

88.0 

— 

-- 

— 

— 

• 

Ap*  -  18 

P 

83.0 

— 

— 

— 

— 

t 

Ap*-  18 

82.0 

— 

— 

— 

— 

t 

113.02 

Sally 

231 

p^-201 

3X8 

— 

0.038 

0.227 

— 

p^-188 

42.4 

0.088 

0.047 

0.809 

— 

Ap‘  -  la 
p 

87.9 

0.084 

0.081 

0.984 

— 

Ap'-  19 

38.4 

0.084 

0.080 

.  0.637 

— 

q'-  19 

29.8 

0.084 

0.051 

0.328 

24.8 

113.03 

Sally 

383 

p^-  83 

24.0 

— 

— 

— 

— 

.  • 

p,-  »s 

28.0 

0.110 

0.077 

0.840 

— 

Ap>  -  IS 

•^p 

3S.2 

t 

t 

t 

— 

Ap'-  IS 

24.9 

t 

t 

t 

— 

q*  -  18 

0 

11.0 

t 

t 

t 

10.0 

113.04 

Sally 

401 

Pj-137 

21.0 

0.180 

0.092 

0.499 

— 

Ap*  -  17 

P 

38.0 

0.143 

— 

— 

— 

2 

Ap*-  17 

18.7 

0.143 

— 

— 

— 

t 

‘i'o- 

30.4 

0.143 

— 

— 

_ 

t 

114.02 

Sally 

SOI 

Pj-138 

14.1 

0.184 

0.083 

0.337 

— 

118.03 

Sally" 

604 

P,-  89 

11.8 

0.290 

0.188 

0.512 

— 

Ap'  -  18 

P 

13.1 

0.258 

0.138 

0.487 

— 

Ap*-  18 

10.8 

0.258 

0.131 

0.419 

— 

q*-  18 

0 

2.8 

0.288 

0.118 

0.088 

2.2 

114.03 

Sally 

803 

P,- 

8.4 

0.437 

0.184 

0.358 

— 

114.04 

Sally 

1,000 

Pj-  98 

4.8 

0.547 

0.159 

0.270 

118.01 

Sally 

181 

p^-187 

— 

— 

— 

— 

— 

118.04 

Sally 

401 

P^-  80 

25.8 

— 

— 

— 

— 

* 

114.02 

Sally 

SOI 

P,-  27 

18.2 

— 

0.082 

0.328 

— 

• 

p,-  n 


114.04  Sally  1,000 


4.7 


AMivAL  Time 


SS2  8  S  ?  S  8 

IS4  *3linSS3)MM3AO 
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•ct  personml  assli^Tied  the  task  of  dabi  reduction  aa^iMljrete.  Sbme  of  these  problens  ertll  to 
pointed  out  In  the  following  sectioos. 

S.§.1  cage  Performance.  The  gage  performance  tor  this  shot  wae  good  aaiar  as  the  tolHs^ 

tlon  of  the  gage  was  concerned.  Of  the  20  blast-line  gages  Installed,  2  gave  peak  pressure  only. 
The  same  percentage  of  failure  was  noted  for  the  q  gages  where  one  out  of  ten  foiled  to  start. 

Ten  gages  with  experimental  Initiation  circutts  were  Installed  and  one  out  of  the  ten  Initiated. 
These  were  dependent  bn  nuclear  radiation  for  Initiation  and  the  one  that  started  was  at  1,160 
feet.  On  Shot  Inca,  a  failure  of  q  gage  mounts  similar  to  that  noted  on  Shot  Zunl  was  experienced 
The  stations  at  which  the  mounts  failed  and  the  approximate  angles  they  were  bent  from  the  ver¬ 
tical  are  also  noted  in  Table  3.8. 


3.6.2  Surface  Atr-Blast  Pressures.  Two  blast  lines  were  instrumented  for  Shot  Inca.  One 
line  consisted  of  five  stations  along  a  vegetated  line  and  the  other  line  consisted  of  five  stations 
at  similar  distances  along  a  cleared  line.  There  were  two  regular  p^  g^ges  at  each  station  and' 
one  q  gage  at  each  station.  Many  of  the  pressure  sensitive  capsules  were  permanently  deformed 


Figure  3.17  Peak  overpressure 
versus  distance,  Shot  Inca. 


WMt.lO*  vtsv 


Figure  3.18  Corrected  peak  dynamic 
pressure  versus  distance.  Shot  Inca. 


because  of  the  excessive  pressure  experienced.  Attempts  were  made  to  calibrate  similar  cap¬ 
sules  and  determine  the  pressure  required  to  record  a  similar  deflection.  This  procedure  ma 
felt  to  be  fairly  accurate  lor  peak  values  but  capsules  overstressed  beyond  certain  limits  would 
not  return  to  zero  deflection  at  zero  overpressure  and  atrailar  capsules  would  not  decay  at  the  ’ 
same  rate.  Therefore,  only  the  curves  of  pressure  versus  time  which  are  felt  to  be  reasonably 
accurate  are  presented  In  Appendix  B,  although  the  peak  values  are  used  in  ploUing.  The  values 
of  peak  overpressure  are  listed  in  Table  3.7  and  the  mean  average  of  these  values  la  plotted  in 
Figure  3.17. 

There  appears  to  be  a  definite  separation  in  the  two  curves  of  pressure  versus  distance  pre¬ 
sented  In  Figure  3.17.  The  values  of  peak  overpressure  along  the  cleared  line  are  higher  than 
the  values  along  the  vegetated  line  with  the  exception  of  Station  115.19  at  1,450  feet  from  ground 
zero.  Some  values  of  pressure  plotted  along  the  cleared  line  represent  as  many  as  four  meas¬ 
urements,  since  certain  stations  had  four  p^  gages  installed.  A  mean  average  was  plotted  for 
these  stations. 


n 

SECRET 


TA9LE  A.7  AlH-EMfT  DATA,  SHOT  fNCA 


Gaf«  deoignatlono:  pi  *  «ldf*on  pr«Mur«  nrw  fiir,  fi|  Ap^  -  tutot  prvOMirv  omrouo  tiviii,  ^  wotoi 

Ao^  '  ildv'Oft  orvaourc  wraus  lime,  a  oAr.  4^  -*<m«a.a»c  rv  t*vrMia  time. 

iutios 

Sit* 

Cruimd 

Range 

<«age  T*pe 
awf 

Keiwbar 

Pm* 

CNaipwiaure 

Arrlv*! 

T»me 

Puailive 

DurailMi 

T<fUl 

Ittipolo* 

CurrcctaO 
UrMBiic 
Preaaerc.  o.. 

KeMf** 

H 

po> 

0L« 

•ee 

pal >4*0 

po* 

US.14 

Pearl,  Clcarod 

PM 

K-*** 

MlP 

0.105 

0.344 

XtM 

- 

v“ 

— 

— 

— 

-- 

— 

• 

ns.i< 

Pearl,  Cleared 

I.IM 

V  ^ 

45.4 

0.170 

X241 

4.450 

— 

v»* 

PSA 

- 

- 

- 

— 

t 

llAid 

Pearl,  ClMri-d 

1.344 

V’* 

5AP 

0.242 

0.32D 

X304 

— 

t 

MJP 

- 

— 

— 

— 

t 

p-IM 

SAP 

0.2M 

0.403 

4.327 

— 

t 

SS.P 

- 

— 

- 

— 

t 

US.20 

Pearl,  Cleared 

1.454 

v« 

Z3LP 

0.305 

0.444 

X32P 

— 

p-ltz 

24.2 

0.315 

0.3P1 

e 

- 

34.1 

— 

— 

— 

— 

t 

24.4 

- 

— 

- 

~ 

t 

Pearl,  Cleared 

1.400 

p  -  « 

2X4 

— 

— 

— 

— 

t 

V- 

2X4 

0.423 

0.439 

3.170 

— 

v" 

2XS 

.  — 

— 

— 

— 

t 

V“ 

2X4 

- 

— 

- 

— 

X 

us.2e 

Pearl,  Cleared 

2,134 

V« 

Ub4 

— 

— 

— 

— 

X 

v‘“ 

1X2 

— 

— 

— 

— 

% 

11S.2<1 

tMlw  * 

2.440 

V  * 

1P.T 

— 

- 

- 

t 

V« 

1X4 

— 

— 

— 

t 

UA2d 

Olive,  0  degree* 

2,444 

-  P 

1X1 

1.043 

0.500 

X349 

a 

P 

it/-  » 

1X2 

1.043 

0.581 

X044  * 

— 

n-  » 

X5 

1.043 

X450 

0.32P 

X3 

’  32  di‘grv<ai 

2,440 

^p'“ 

MA 

I.IM 

0.50P 

1.444 

— 

AfP*  14 

XI 

1.105 

0.444 

1.414 

— 

e,-i* 

XI 

MAP 

1.457 

0.431 

— 

41  degree* 

2,440 

A|P  -  12 

X4 

1.240 

0.55P 

S.M2 

■  — 

Of/-  13 

IJP 

1.240 

0.551 

S.IU 

— 

qr.-i> 

xs 

1.244 

1.555 

0.304 

- 

60  degree* 

2.444 

>  J* 

X2 

1.275 

0.5M 

1.744 

— 

14 

X2 

1.275 

0.577 

1.4P7 

— 

X2 

1.275 

0.401 

0.044 

— 

M$.13 

Pearl,  Vegitated 

MO 

V'«* 

«x# 

0.100 

0.254 

X327 

— 

p,-S»I 

“ 

— 

— 

— 

a 

llAlft 

'  Pearl,  Vegvfaled 

1,104  ' 

5X4 

0.1*40 

0.493 

X77; 

— 

p,-3J 

4X4 

— 

— 

— 

— 

» 

115.17 

Pearl.  Vegeuted 

1.310 

P.-  52 

2X4 

-- 

— 

— 

V“ 

3&S 

0.243 

0.32P 

X4PT 

— 

2 

115.19 

Pearl,  VegcUted 

1.450 

V  » 

2X4 

0.311 

0.443 

X744 

— 

. 

.  V*» 

— 

— 

— 

— 

— 

• 

115.21 

Pc«rl,  Vegetated 

1.400 

114* 

0.340 

i.440 

XPU 

— 

P,-2» 

1X4 

0.350 

M.4IP 

XI7P 

— 

*  Capitulo  tplil  or  hit  oiop;  ralu«o  not  oooAlArrod  rottA 
t  Q*j«  AlotiabI*  roeord;  not  pi  t Aontod  in  App««dui  & 
t  Peak  pr«a«tu«  ooljr  obUJoeA 
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TABLS  3Lt  HTNAMIC  PRESSURE  DATA,  SHOT  INCA 


Cage  4m 
Ap*  ail 

H«a<iaM:  -  alde-on  preaaore  veraua  time.  Pt  gage;  Ap'^  >  total  preaaure  verajia  tlBie.  4  (MM 

le  —  presaure  veraua  time,  q  gage;  tfc  “  (tynamie  preaaore  v»raaa  time. 

StatiM 

Site 

Ground 

Range 

Gage  Type 
and 

Number 

Peak 

Pressure 

Corrected 
Dynamic 
Pressure,  qc 

Moui^ 
Displacement 
from  Vertical 

It 

pal 

psi 

deg 

11S.14 

Pearl,  Cleared 

900 

Ap^  -19 

P 

Ap'-19 

181.0 

90.0 

q*  -19 

96.0 

74.3 

90 

115.1S 

Pearl,  Cleared 

1,100 

Ap.p-  6 

198.0  • 

— 

— 

Ap*-  6 

61.7 

— 

— 

‘«V‘ 

136.3 

92.8 

30 

iia.is 

Pearl,  Cleared 

l,3Cl< 

Ap.p-15 

54.0 

— 

— 

Ap*-15 

46.0 

— 

— 

<j«  -15 

0 

20.0 

17.5 

0 

ii&.2a 

Pearl,  Cleared 

1,450 

Ap*  -14  , 

*^p 

47.6 

— 

— 

Ap*-14 

31.0 

— 

— 

q*^-14 

37.0 

— 

-  0 

115.27 

Pearl,  Cleared 

1,600 

Ap*p-  8 

49.0 

— 

Ap*-  8 

26.0 

— 

— 

I'c*  8 

23.0 

19.4 

0 

115.13 

Pearl,  Vegetated 

900 

Ap*  -  3 

*^P 

14^0 

— 

— 

Ap*-  3 

— 

— 

— 

q.^-3 

— 

— 

90 

115.15 

Pearl,  Vegetated 

1,100 

Ap’  -  5 

115.0 

— 

— 

Ap*-  5 

71.0 

— 

— 

»>’c-  * 

44.0 

37.6 

30 

lisa? 

Pearl,  Vegetated 

1,310 

Ap’p-17 

53.8 

— 

— 

Ap'-17 

— 

— 

— 

q*  -17 
c 

— 

— 

15 

115.13 

Pearl,  Vegetated 

1,450 

Ap*  -18 

■^p 

Sl.O 

— 

— 

Ap'-IB 

29.0 

— 

— 

q*  -18 

22.0 

18.8 

0 

115.21 

Pearl,  Vegetated 

Ap*  -12 

— 

— 

— 

Ap»-12 

27.2 

— 

— 

•  q*~12 

— 

— 

0 

*  Peak  preaMire  only  obtained. 
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y.g.J  Dynamtc  Pressure  Measurements.  Dyiuunic  pressure  measurements  made  along  both 
hiaaf  iini»B  arg  qupBtionaiiip  far  pressure  versus  time  values  and  in  many  cases  the  peak  <^naiiilc 
pressure  values  are  also  qnrsttonabis.  The  bigber-than-eiqpectcd  yield  and  strong  precuraor 
were  the  factors  contributing  to  the  poor  records.  The  q  gage  mounts  at  Stations  115.13,  115.1^ 
11S.15,  115.16  and  115.17  were  all  bent  back  at  various  angles,  which  pointed  the  nose  of  the  g 
gage  upward.  The  response  of  the  q  gage  mount  is  not  known  experimentally  but  calculations 
based  on  dynamic  pressure  and  the  mount  configuration  show  that  at  dynamic  pressures  of  froa 
300  to  400  psi  the  gage  mount  may  tilt  back  15  degrees  within  20  msec,  while  at  dynamic  pres> 
sures  of  from  20  to  30  psi  it  would  take  80  msec  to  bend  15  degrees.  It  is  felt  that  a  change  is 
orientation  of  15  degrees  wosM  appreciably  change  the  dynamic  pressure  recorded  by  the  BRL 
<1  gage- 

Peak  dynamic  pressure  valoes  are  questionable  at  many  stations  because  of  the  overstressiqg 
of  the  pressure  sensing  capscies.  Some  capsules  were  permanently  deformed,  which  made  it 
impossible  to  determine  the  pressure  from  the  over-calibration  of  a  sindlar  capsule.  The  peak 
overpreesure  values  of  the  tcol  and  side-on  elements  are  listed  in  Table  3.8.  The  maximum 
corrected  difference  between  the  two  records  has  been  plotted  in  Figure  3.18. 

3.6.4  Arrival  Time,  Posbive  Duration  and  Total  Impulse-.  -  Corrected  values  of  arrival  time, 
duration,  and  impulse  are  listed  in  Table  3.7.  The  curve  of  arrival  time  versus  ground  dlstanc* 
is  plotted  In  Figure  3.19.  K  must  be  assumed  from  the  curve  that  there  was  no  appreciable  dif¬ 
ference  in  the  arrival  time  aioog  the  two  blast  lines. 

The  values  of  positive  duration  are  plotted  In  Figure  3.20.  There  is  a  considerable  scatter  at 
points  and  it  is  difficult  to  see  any  trend  or  difference  between  the  two  blast  lines  with  the  excep¬ 
tion  that  there  is  more  scatter  along  the  vegetated  line. 

With  a  difference  in  pr.esssre  along  the  two  lines  and  the  scatter  in  positive  duration  along  the 
two  blast  lines,  a  great  scatter  was  expected  in  the  impulse  values.  Only  one  value  appear*  out 
of  line  In  the  plot  of  impulse  values  in  Figure  3.21.  The  impulse  values  do  net  follow  the  usual 
trend  of  decreasing  with  distance,  since  the  values  at  900  feet  on  both  lines  are  lower  than  those 
at  1,100  feet. 

3.6.5  Orientation  Effrct  oa  the  BRL  q  Gage.  All  q  gages  installed  on  Shot  Cherokee  were 
subjected  to  flow  in  directioa  ocher  than  along  the  axis  of  the  gage.  It  was  thought  that  some  ai 
the  records  could  be  Interpreted  if  the  effect  of  the  angle  of  orientation  could  be  determined. 

Four  q  gages  were  installed  far  Shot  Inca  at  a  distance  of  2,640  feet  on  Site  Olive.  The  angles  at 
orientation  were  0,  32,  41,  and  50  degrees.  These  angles  were  chosen  to  match  the  gages  at  Maa- 
Made  Islands  Nos.  2  and  3  and  Site  Dog.  The  measured  values  for  the  gages  are  listed  in  T^le 
3.7  and  the  curves  of  pressure  versus  time  are  presented  in  Appendix  B.  From  these  curves  Urn 
difficulty  in  applying  any  correction  factor  to  the  measured  pressure  at  a  given  angle  to  obtain 

the  0  degree  conditions  is  quite  obvious.  It  is  felt  by  the  authors  that  computing  dynamic  pi’es- 
sure  versus  time  from  the  records  measured  at  ground  baffle  gages  would  better  represent  tbs 
Input  conditions  thau  attemptug  to  correct  the  measured  dynamic  pressure  by  any  angle  of  ori¬ 
entation  factor. 
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Chapter  4 

DISCUSSION 


•  SURFACE  AIR-BLAST  DATA 

A.  *r- blast  measurements  recorded  by  the  pt  gages  were  surface  measuremests,  villi  the 
exceptii.  •  - '  the  reef  stations  where  the  gage  face  varied  from  2  feet  to  6  feet  above  the  eater 
surface,  a«., '  '('mg  on  the  tide.  The  measured  values  of  overpressure,  duration,  arrindtisae 
and  impulse  ha.  .'  '  ^on  scal'^d  to  1  kt  at  sea  level,  using  ambient  conditions  at  burst  *  ■  'g**- 
These  scaled  valu.-  <i<ve  been  tabulated  for  the  various  shots  and  presented  in  Tables  4A 
through  4.0.  Shot  Cheror  -  .  '■alue.*.'  were  also  scaled  using  the  modified  Sachs  scaUag  shees 
the  ambient  conditions  at  thi.-  are  consiaered.  Because  of  the  yield  and  height  ad barst 

the  shock  front  traveled  most  ct  :  distance  along  surface  and  it' is  felt  that  usiiy  the  aaitaieat 
conditions  along  the  surface  may  'oe  a  ri'<re  logical  approach. 

4.1.?.  Surface  Bursts,  Sho>.3  Lacrosse  ui>-.l  y.  ‘.ni.  Both  Shots  Lacrosse  and  Zunl  were  eaaskl- 
ered  surface  bursts  and  on  both  shots  a  preT  .  rsor  documented  in  the  higher  preaaare  region. 
The  precursors  formed  at  the  NTS  appeared  to  he  stronger  and  a  clean  or  classical  wave  shi^w 
was  not  realized  until  the  6  to  10  psi  region  was  reached.  The  precursors  formed  at  the  BPG 
died  out  sooner  and  a  classical  wave  shape  was  realized  at  a  higher  pressure  level,  3S  pal  on 
Shot  Lacrosse  and  20  psi  on  Shot  Zuni.  It  should  be  noted  that  a  precursor  has  not  been  dtoe^ 
mented  from  a  surface  burst  at  the  NTS,  and  therefore  no  direct  comparison  could  be  made. 

The  extent  of  the  precursor  cycle  is  a  function  of  both  the  yield  and  height  of  burst.  As  the 
height  of  burst  is  lowered  the  angle  of  incidence  of  the  thermal  radiation  is  increased  asd  there 
Is  less  heating  of  the  surface  at  the  greater  distances.  Therefore,  for  surface  and  near  eerface 
bursts  the  precursor  will  complete  its  cycle  sooner  and  a  classical  wave  shape  will  nipiai  at 
shorter  ground  distances  and  higher  pressures  than  would  be  ei^ected  for  the  sasM)  jdeU  at 
higher  heights  of  burst. 

Comparisons  of  va’<ies  taken  from  the  curves  of  pressure  versus  distance  for  Shota  lAcnase 
and  Zunl  are  presented  In  Figure  4.1  where  they  are  plotted  with  the  height  of  burat  caivan  for 
an  average  surface  taken  from  TM  23-200  (Reference  4).  Only  the  Site  Tare  blast  Uae  was  con¬ 
sidered  for  this  comparison  and,  as  can  be  seen,  the  two  shots  showed  little  scatter.  The  A- 
scaled  values  for  average  overpressure,  dynamic  pressure,  arrival  time,  d  iratioa,  aad  impulse 
for  Shot  Lacrosse  are  listed  in  Table  4.1.  Similar  values  for  Shot  Zunl  are  listed  la  Table  4J. 

4.1.2  Air  Bursts,  Shots  Cherokee.  Yuma  and  Inca.  The  first  air  burst  of  the  series  instro- 
mented  by  Project  1.1  was  Shot  Cherokee.  Unfortunmely,  the  upper  range  of  pressnre  amasured 
was  below  11  psi  and  the  lower  range  was  greater  than  4  psi.  Therefore,  the  range  «f  pressure 
was  small  but  the  number  of  records  and  the  documentation  was  extensive.  Peak  overpresevre 
values  were  A-scaled  using  the  Sachs  scaling  method  and  plotted  in  Figure  4.2.  Pohds  tram  the 
curve  in  Figure  4.2  are  plotted  In  Figures  4.1  and  4.10,  where  the  comparison  with  the  average 
surface  and  good  surface  height  of  burst  curves  can  be  seen.  The  indication  here  is  that  a  parti¬ 
cular  pressure  level  extends  to  a  greater  distance  than  would  be  predicted  from  the  average  or 
good  surface  height  of  burst  curves.  The  scaling  is  bafed  on  a  yield  of  3.S  Itt,  aWhowgh  there  is 
a  r  0.3  spread.  If  a  yield  of  4.1  Mt  were  used  in  obtaining  the  scaling  factors.  It  wonld  more  the 
values  much  closer  to  the  average  and  good  surface  curves,  but  the  trend  would  .-till  be  in  the 
same  direction.  The  average  values  from  Table  3.4  have  been  scaled  using  the  straight  Ptachs 
scaling  and  listed  in  Table  4.3  and  plotted  in  Figure  4.2.  The  same  values  from  TaUe  3.4  were 
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TABLE  4.1  A-SCALED  AIB'BLAR  DATA.  flMT  lACBOMB 


Statioa 

SIM 

Orouad 

Ruiab 

Peiit 

PreeeuM 

Arrtaei 

Tte 

^itlva 

Deration 

Total 

Impulaa 

CorrecteO 
Oynamie 
Preaeure,  ^ 

ft 

pni 

aae 

MO 

pai-aee 

pal 

1I4.1S 

Yvonna 

350 

ISSA 

0.431 

Alio 

1:544 

115.22 

Yvonne 

472 

SSA 

— 

— 

— 

7A7 

115.23 

Yvonne 

579 

34.1 

OJM 

A142 

1.224 

1A9 

115.24 

Yvonne 

742 

•JOt 

A197 

1.077 

114.14 

Yvonna 

523 

15.4 

OLioo 

A217 

1.010 

— 

115.25 

Yvonne 

995 

IOjO 

A-ai* 

A245 

AS90 

A3 

115.31 

Yvonne 

1.154 

— 

0.444 

A21S 

— 

1.04 

114.15 

Yvonne 

1,300 

— 

0.414 

Also 

— 

— 

115.24 

Yvonne 

1.544 

4.5 

OuTOS 

OlSU 

— 

A44 

114.19 

Yvonne 

2,094 

— 

— 

— 

— 

— 

TABLE  4.2  A-SCALES  AIR-BLAST  DATA.  SHOT  tmt 


Station 

Site 

Ground 

JUnge 

Peak 

Overpreaauna 

AitMI 

TImc 

PealUve 

Buration 

Total 

Impulaa 

Corrected 
Dynamle 
Preiaure,  On 

ft 

pai 

aae 

sec 

pai-aao 

pal 

114.05 

SUfar 

207 

— 

— 

— 

— 

— 

114.0« 

Sugar 

334 

47.R 

— 

— 

115.04 

Sugar 

340 

47.3 

— 

AlSl 

1.797 

40.3 

114.07 

Roger 

452 

*  4&B 

— 

— 

— 

115.07 

Roger 

544 

B4A  ' 

A14t 

0.143 

1.304 

17.4 

115.04 

Peter 

401 

20.1 

Also 

0.193 

1.141 

A2 

114.04 

Pcicr 

740 

17.2 

AJkO 

A19S 

0.952 

— 

115.09 

t'eter 

9^ 

11.4 

— 

— 

A3 

114.09 

Oboe 

1,041 

0.3 

AJM 

A24t 

A744 

114.10 

Uncle 

293 

200* 

— 

— 

115.14 

VL>ele 

333‘ 

124.0 

— 

114.11 

Uncle 

344 

37.7 

AOIt 

0.120 

1.937 

— 

115.11 

Uncle 

444 

04.5 

AOM 

0.104 

1.443 

115.12 

Uncle 

447 

23.0 

AUS 

A154 

1.129 

17.9 

154.01 

UuCle 

435 

21.4 

— 

0.179 

1.171 

17.9 

154.02 

UnCif 

«2« 

23.1 

O.M9 

9.155 

.1.097 

11.1 

*■  Capwlc  ovoratrcsMd. 


TABLE  4.3  A-SCALES  AW-BLAST  DATA.  BMOT  CROWKES 


Station 

SIM  Banca  ^ 

Pc* 

Arrive} 

Time 

Positive 

Duration 

Total 

Incpulss 

£. 

•  pet 

aeo 

ISO 

pai-aee 

llAOl* 

Charila  1,144 

A4St 

— 

_ 

113.01 

Beef  Eaat  of  Cbarlia  1.444 

— 

A117 

— 

—  • 

113.02 

'  Beef  East  «f  Charlie  ^  1,039 

ii.r 

0.404 

0.204 

-i.OOl 

11A03 

Reef  Eaet  of  Charlie  944 

AS 

0.347 

A192 

0.554 

11A04 

Beef  East  of  Charlie  994 

ULT 

0.413 

4.219 

0.941 

113.05 

Reef  East  o<  Charlie  1,039 

*S 

0.449 

9..222 

0.590 

113.04 

Beef  East  of  Charlie  I413 

-AS 

0.509 

A240 

0.549 

11A07 

Mao-Uade  laland  No.  1  1,179 

1A4 

0.551' 

0.249 

0.900 

117.04 

hlan-Made  laland  Ma  3  1,247 

A» 

0.569 

0.259 

0.545 

11A09 

hlan-Made  laland  Ka.  3  1,432 

A* 

0.748 

A2SS 

0.796 

IIAIO 

Do*  1.4U 

AS 

0.591 

0.295 

0.537 

llAll 

Able  1,970 

4B 

1.035 

0.371 

0.735 

M 
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TABLE  4.4  MODIFIED  SACte  SCAUMCb  SHOT  CHEROKEE 


StatiM 

Site 

Beak 

Overpressure 

Arrival 

Time 

Boeitlee 

Duration 

Tetel 

Impulse 

R  - 

psi 

sec 

sec 

psi -SCO 

112.01 

Charlie 

10.» 

0.528 

— 

— 

113.01 

Reef  East  of  Charlie 

1.U* 

— 

0.442 

— 

— 

113.02 

Reef  East  of  Charlie 

1.6«S 

9.5 

0.430 

0.219 

0.915 

113.03 

Reef  East  of  Charlie 

IjtSt 

8.0 

0.410 

0.203 

0.606 

113.04 

Reef  East  of  Charlie 

3.MS 

9.2 

0.436 

0.232 

0.858 

113.05 

Reef  East  of  Charlie 

7.6 

0.475 

0.236 

0.803 

113.06 

Reef  Ea  st  of  Charlie 

14» 

6.9 

0.539 

0.254 

0.793 

113.07 

Man-Made  Island  No.  i 

6.9 

0.584 

0.260 

0.828 

113.06 

Man-Made  Island  No.  2 

14M 

7.3 

0.624 

0.274 

0.771 

113.09 

Man-Made  Island  No.  3 

tAU 

5.9 

0.792 

0.302 

0.726 

113.10 

Doa 

l.«tS 

4.3 

0.944 

0.313 

0.581 

113.11 

Able 

i4SL_ 

4.1 

1.100 

0.393 

TABLE  4.S  A-SCALED  AIR-BLAST  DATA.  SHOT  YUklA 


Station 

Site 

Distattoe 

Peak 

Pressarr 

Arrival 

Time 

Positive 

Duration 

Total 
Impulse . 

Dynamic 
Pressure,  qc 

a 

P“ 

sec 

see 

psi-sec 

pat 

114.01 

Sally 

0 

— 

— 

— 

— 

— 

115.01 

Sally 

262 

62E 

— 

— 

— 

— 

115.02 

Sally 

436 

36.9 

0.114  . 

0.082 

1.082 

25.1 

115.03 

Sally 

631 

24.8 

0.1S3 

0.135 

0.9S9 

10.1 

115.04 

Sally 

696 

22.6 

0.263 

0.161 

0.888 

— 

114.02 

Sally 

870 

14.9 

0.284 

0.146 

0.688 

— 

115.05 

Sally 

1,049 

1L6 

0.509 

0.275 

0.909 

2.2 

114.03 

Sally 

1,395 

8.5 

0.766 

0.288 

0.632 

— 

114.04 

Sally 

1,737 

4.9 

0.959 

0.279 

0.480 

— 

TABLE  4.C  A-SCALED  AIR-BLAST  DATA,  SHOT  INCA 


Station 

Site 

Crmsid 

Ranse 

Peak 

Overpressure 

Arrival 

Time 

Positive 

Duration 

Total 

Impulse 

E 

psi 

sec 

see 

115.14 

Pearl,  Cleared 

30 

89.0 

0.043 

0.141 

1.558 

115.16 

Pearl,  Cleared 

448 

57.7 

0.069 

0.156 

1.843 

115.18 

Pearl,  Cleared 

552 

34.9 

0.111 

— 

1.570 

115.20 

Pearl,  -Cleared 

586 

28.0 

0.131 

0.163 

1.378 

115.27 

Pearl,  Cleared 

649 

23.5 

0.173 

0.179 

1.310 

115.28 

Pearl,  Cleared 

864 

15.8 

— 

— 

'  — 

115.29 

Pearl.  Cleared 

X.671 

11.0 

— 

— 

115.13 

Pearl,  Vegetated 

365 

81.0 

0.041 

0.105 

1.380 

115.15 

Pearl,  Vegetated 

446 

47.6i 

0.074 

0.201 

2.SS8 

115.17 

'Pcarl,  Vegeta(,ed 

552 

34.6 

0.116 

0.134 

1.032 

115.19 

Pearl,  Vegetated 

566 

29.3 

0.129 

0.189 

1.5S4 

115.21 

Pearl,  Vegetated 

649 

18.2 

0.149 

0.181 

1.240 
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Figure  4.1  A-ecaled  height  of  burst,  pressure  versus  distance 
curves,  average  surface. 


Figure  4.2  A-scaled  pressure  versus  Figure  4.3  Modified  Sachs  scaling  versus 

distauce.  Shot  '^herok*  distance.  Shot  Cherokee. 
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also  seated  using  Sachs  modlfled  seating  and  these  ratues  are  ttsted  tir  Tlibte  M  and  plottetf  fa 
Figure  4.3.  The  curve  drawn  in  Figure  4.3  was  taken  from  ideal  height  of  burst  curves  as  de> 
fined  and  discussed  la  WT— 133  (Beferaoee  3).  There  ie  eaceUent  eorretattne  betweea  the  Ideah 
-  height  a<  tmnt  ease  and  the  modified  Shehs  sorting* ' 

Shot  TUma  was  the  fourth  shot  instrumented  by  Project  1.1.  The  measured  values  have  been 
scaled  to  1  kt  at  sea  level  and  listed  in  Table  4.5.  The  scaled  pressures  are  plotted  in  Figure  4.4, 
along  with  a  curve  from  the  ideal  height  of  burst  curves  and  the  average  surface  height  of  burst 
curves.  The  measured  pressures  fall  between  these  two  curves,  and  It  would  appear  that  the 
validity  of  scaling  fractional  kiloton  devices  is  verified.  The  scaled  pressures  have  also  been 
plotted  In  Figures  4.1  and  4.10,  where  the  comparison  with  other  Operation  Redwing  shots  can 
be  seen. 


Figure  4.4  A-scaled  pressure  versus  distance,  Shot  Yuma. 


The  ground  surface  pressure  measurements  recorded  on  Shot  Inca  have  been  scaled  to  1  kt, 
using  the  Sachs  straight  scaling  or  A-scaling.  The  values  from  both  surfaces  have  been  plott^ 
on  the  average  surface  and  good  surface  height  of  burstcurvesin  Figures  4.1  and  4.10  to  show  the 
comparison  with  the  other  shots.  The  comparison  of  the  cleared  line  with  the  height  of  burst 
curves  for  a  good  surface  is  better  than  the  cor.iparlson  with  the  average  surface.  The  vegetated 
line  compares  well  with  the  average  surface  height  of  burst  curves,  although  a  vegetated  line 
should  be  considered  a  poor  surface. 

The  pressures  have  also  been  scaled  and  ploited  in  Figure  4.11  and  4.12,  along  with  good  and 
average  surface  curves  of  pressure  versus  distance. 

4.2  DYNAMIC  PRESSURE  MEASUREMENTS 

BRL  q  gages  were  installed  on  all  shots  in  which  Project  1.1  participated.  The  gages  appeared 
to  give  reliable  peak  readings  from  the  total  and  slde>on  pressure  elements.  The  difference  be** 

48 

SECRET 


hveeit  the  twe  meeflwrM  preMuree  te  defined  n»  the  uneorrected  dsmamle  preeatire.  The  dfWMMte 
pressures  have  been  corrected  for  Mach  flow,  compressibility  and  gage  configuration  and  enai 
pared  with  the  theocettcal  value  of  pu\  which  ia  eapreaaed  in  terms  of  aide-ou  presam  la . 
the  eqnatioiir 


‘‘c 


2.8  <P.)» 

Pa  +  7P. 


(4.1) 


Where:  >  Peak  side-on  overpressure 

Pj  >  Atmosphere  pressure 

4.2.1  Dynamic  Pressure  from  Surface  Bursts,  Shots  Ijacrosse  and  Zurd.  The  freenlr 
pressure-distance  curve  from  TM  23-200  was  usea  as  a  basis  ior  calculating  an  A-scaled  dy¬ 
namic  pressure  curve.  Using  the  free  air  a  1  kt  yield,  a  free-air  dynamic  pressure  curve 
for  a  yield  of  1  kt  was  calculated  from  e  ■  tion  4.1.  The  1  kt  free-air  dynamic  pressure  curve 
was  then  scaled  to  an  equivalent  yield  f  x.fi  kt  and  plotted  In  Figure  4.5.  The  scaled  values  at 
dynamic  pressure  measured  on  Shots  Lacrosse  and  Zunl  are  plotted  in  the  same  figure.  Since 
Shot  Zuhi  was  almost  1,000  times  greater  in  yieH  than  Shot  Lacrosse  and  the  yield  vr.lues  were 
arrived  at  by  different  methods  it  would  app”' '  that  the  scaling  laws  have  been  verified  and  the 
1.6  W  theory  fits  the  measured  data  better  inan  the  2  W  theory. 

4.2.2  Dynamic  Pressure  Measurements  from  Air  Bursts,  Shots  Yuma,  Cherokee  and  taf. 

The  dynamic  pressures  measured  on  v  )t  Yuma  have  been  scaled  to  I  kt  and  pi  to  Fif^ir^ 

4.6.  The  side-on  pressure  from  th.  und  surface  p^  gages  did  not  fit  th.^  average  surface  or 
ideal  height  of  burst  curves  and  then.  .  re  the  dynamic  pressures  were  not  expected  to  fit  asg 
height  of  burst  curve.  Values  of  dynamic  pressure  were  calculated  from  vhe  measured  curve  in 
Figure  4.4  using  equation  4.1.  This  curve,  along  with  the  measured  values  s  .  1  kt,  i 

presented  in  Figure  4.6.  The  correlatic.  Is  excellent. 

The  dynamic  pressure  measurements  ■ .  1e  on  Shot  Cherokee  were  considered  a  total  loo 
The  decision  was  based  on  records  from  b.  i  Inca  where  three  gages  were  placed  at  angle?!  sual- 
lar  to  inose  on  Shot  Cherokee  and  results  suowed  that  any  attempt  to  establish  a  correcthm  facta* 
was  impractical. 

Dynamic  pressure  measurements  made  along  the  bla,^.  lines  on  Shot  Inca  were  all  questtea- 
able  on  two  counts.  First,  the  pressure  capsules  were  overstressed  to  such  an  extent  that  a^y 
method  of  recalibration  or  establishir).'.  .  similar  calibration  curve  from  another  capsule  was 
questionable.  Secondly,  the  q  page  ir  unts  failed  at  the  close-in  stations  and  therefore  mof 
values  of  pressure  versus  time  were  also  of  doubtful  value.  The  peak  dynamic  pressure  valae 
from  Shot  Inca  has  not  beer.  seal,  aod  cw .pared  with  other  shots. 

4.3  TIME  OF  ARRIVAL  M.^/SUatMENTC 

The  time  of  arrl\  t  of  the  shock  front  al  s  various  horizontal  ranges  for  the  five  shots  have 
been  A-scaled  and  plotlod  in  the  form  ol  height  of  burst  curves  in  Figure  4.7.  The  time  at  Mr.  vcl 
cur  .  es  from  Refer  ence  4  arc  also  present  ■  t  in  Figure  4.7  for  comparison. '  Most  of  the 
plotted  show  ar.  val  ilmos  leis  than  indicated  fror:  Refer'' ice  4  which,  if  true,  means  tfaut  tiers 
is  still  some  la-; ...  the  timing  mechanism  that  has  not  been  accounted  for. 

4.4  DUR/'flON  MEASUREMENTS 

The  dui  si.'ons  ot  the  positive  pressure  phase  oi  the  shock  waves  produced  by  the  detonattoss 
of  the  .’3  .'<''u.s  shotr.  have  all  been  A-sca  td  and  plotted  In  Figure  4.8  with  the  height  of  burst 
curves  fre.m  Reference  4.  There  is  cor.biderable  deviation  from  the  established  curves  bid  tiers 
was  also  a  wiJ<.  range  of  yleldt:!  an.  .  round  surfaces  which  would  contribute  to  the  scatter. 
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FiCur«4.<t  A-scal<4  cqBs«ctrJfak4|aBmle 
prcsaire  versus  dlstaaee.  : 


Figure  4.S  A-  scaled  corrected  peak  dynauK 
pressure  versus  distance,  Shots  Lacrosse  and  ZunL 


•  -  YUMA 
K-  CHEROKEE 
A—  INCA-CUEAR 
a—  ZUNI-TARE 


■  ~  ZUNI-UNCL£ 

o  —  lacrosse 
- HOP  nVZ3*20O 
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Figure  4.10  A- scaled  heiglitef  hurst,  pressure  versus 
distance  curves,  good  surfiwe 
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«««oc.  fctr  iiANoc,  recT 

Figure  4.11  A- scaled  peak  over|ire*Mre  Figure  4.12  A-scaled  peak  overpressure 

versus  distance,  Shot  Inca.  versus  distance,  Shot  Inca. 


4.S  POSITIVE  IMPULSE  MEASUREMENTS 

The  total  impulse  of  the  pressure  Ums  curves  have  been  A-scaled  and  plotted  In  Figure  4.9. 
Since  there  arc  no  impulse-height  ci  burst  curves  In  Reference  4,  the  points  have  been  connected 
where  possible  and  where  the  curves  are  in  doubt,  dashed  lines  have  been  used. 
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Chapttr  $ 

CONCLUSIONS  and  RECOMMENDATIONS 

S.l  INSTRUMENTATION 

The  Instrumentation  of  the  five  shots  during  Operation  Redwing  with  the  BRL  self* recording 
gages  achieved  a  high  degree  of  success.  Failure  to  obtain  measurements  at  some  stations  was' 
ueeally  not  a  fault  of  the  gage  alone  but  a  combination  of  other  factors  such  as  bad  yield  predte* 
tioss,  error  in  positioning  the  device,  and  environmental  extremes. 

Self-recording  instrumentation  has  proved  to  be  extremely  valuable  for  making  a  large  num¬ 
ber  of  measurements  over  tong  ranges  under  extreme  environmental  conditions. 
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Figure  S.l  Comparison  of  Operation  Redwing 
and  Operation  Castle  surface  shots  with  1.6  kt 
free-air  curve. 

The  design  of  the  gage  was  satisfactory  although  a  more  reliable  electronic  initiation  circuit 
and  thermal  link  is  desirable. 

AIR-BLAST  PARAMETERS 

There  was  a  wide  range  of  yields  and  heights  of  burst  during  the  operation  and  the  following 
conclusions  were  drawn  from  the  data  presented  in  this  report. 
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5.2.1  Precursora.  Two  surface  bursts  were  instrumented  by  Project  1.1  and  a  precursor 
was  documented  on  both.  Shot  Lacrosse  (37.8  kt>  and  Shot  Zuoi  (iJiS  Mt)  were  both  scaled  to 

X  tt  and  it  was  found  that  oa  the  smaller  yield  shot  the  precursor  elei..red  up  much  sooner  indics- 
ting  that  the  formation  and  extent  of  a  precursor  is  a  function  of  yield.  On  Shot  Lacrosse  a  cla8> 
sical  ware  was  recorded  at  a  scaled  distance  of  579  feet,  and  on  Shot  /'uni  a  classical  wave  was 
recorded  at  681  feet  on  Site  Tare.  The  strength  of  the  precursor  was  also  a  function  of  the  height 
of  burst  at  the  lower  seated  heights,  that  is  from  0  feet  to  100  feet. 

5.2.2  Yield  Determination.  The  radiochemical  method  of  determining  yield  was  used  on  the 
surface  burst  Lacrosse,  while  the  hydrodynamic  method  was  used  on  the  surface  burst  Zuoi. 

The  values  of  peak  overpressure  and  dynamic  pressure  from  both  shots  were  scaled  to  1  kt  and 
the  correlation  of  pressures  at  similar  scaled  distances  was  excellent  at  distances  beyond  the 
effect  of  the  precursor.  This  correlation  helped  to  further  establish  the  validity  of  the  two 
methods  of  determining  the  yield. 

5.2.3  1.6  W  Concept.  The  peak  overpressure  from  the  two  surface  bursts  was  scaled  to  1  kt 
and  compared  with  values  from  surface  bursts  on  previous  operations  (Reference  1).  The  agree¬ 
ment  between  the  two  operations  is  good  as  shown  in  Figure  S.l.  As  pointed  out  in  Reference  1, 
the  empirical  value  of  1.6  W  is  a  more  realistic  value  than  the  ideal  2  W  concept  when  using  a 
free-air  curve  of  pressure  versus  distance  for  predicting  the  peak  overpressure  to  be  e3q>ected 
from  a  surface  burst. 

5.3  RECOXIMENDATIONS 

It  is  recommended  that  a  statistical  number  of  gages  be  employed  whenever  precursor  phe¬ 
nomena  is  measured  on  future  tests,  since  the  formation  of  different  phases  of  the  precursor 
cycle  occurs  over  a  relatively  short  range.  A  greater  emphasis  should  be  placed  on  the  meas¬ 
urement  of  dynamic  pressure  within  the  precursor  region  because  of  the  increased  damage  caused 
to  structures  and  equipment  exposed  in  the  zone  of  precursor  action. 
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Appendix  A 

INSTRUMENTATION  DESIGN 


A.1  INTRODUCTION 

.Self-contained,  direct-recording  gages  for  the 
measurement  of  sir-blast  pressures  were  first  tested 
on  a  developnientai  basis  of  URL  during  Operation 
Upshot-Knotfaoie*  Full-scale  projects  for  measure- 
nent  of  air-blast  phenomena  using  this  type  of  gage 
were  underUdeen  for  Operation  Castle  (Reference  1) 
and  Operation  Teapot  (Reference  3).  Operation 
Castle  led  to  the  production  of  a  pressure-time  gage, 
a  dynamic-pressure  gage,  a  peak-pressure  gage,  and 
a  very-iow-pressure  gage.  All  these  were  used  suc¬ 
cessfully  on  Operation  Castle.  UifCculties  encounter¬ 
ed  and  experience  gained  on  this  operation  led  to  many 
modifications  of  these  gages  for  use  on  Operation 
Teapot.  The  m;adified  equipment  was  successful,  pro^ 
ducing  pressure-time  records  on  better  than  82  per¬ 
cent  of  the  gage  installations.  A  continoing  develop¬ 
ment  program  has  been  pursued  with  particular  stress 
on  timing,  resolution  of  the  pressure  record,  and 
initiation  devices. 

A.2  PRESSURE-SENSING  ELEMCNTS 

The  basic  component  common  to  the  pressure¬ 
time  gage  and  the  q  gage  is  a  pressure-sensing  cap¬ 
sule.  In  19SS,  a  contract  placed  with  the  U.  S.  Cage 
Division,  American  Machine  and  Metals  Inc. ,  result¬ 
ed  in  improved  manufacturing  techniques  and  design 
changes.  These  produced  capsules  with  approximate¬ 
ly  0.050-inch  displacement  at  rated  pressure  and 
capable  of  withstanding  100  percent  overload  in  the 
lower  range  of  elements  without  serious  hysteresis. 
Particular  attention  was  paid  to  linearity  of  the  trace 
as  the  capsule  expands.  Deviations  of  trace  of  not 
more  than  1  degree  from  a  normal  to  the  mounting 
base  were  achieved.  At  the  recording  speeds  com¬ 
monly  used  in  these  gages,  deviations  of  Jiis  order 
result  in  a  less  than  2-ms  e'rror  in  time.  The  new 
capsules  are  slightly  larger  in  diameter,  with  deeper 
corrugations,  welded  seams,  O  ring  seals,  and 
osmium-tipped  stylii,  instead  of  the  sapphire  tips  pre¬ 
viously  used.  These  tips  are  less  subject  to  shatter¬ 
ing  and  provide  electrical  contact  for  (he  electronic 
pulse. 

Operationally,  these  capsules  were  similar  to 
those  used  on  Operations  Castle  and  Teapot  by 
Ballistics  Research  Laboratory  (BRL».  Comparative 
photographs  of  the  old  and  new  capsules  are  shown 


in  Figures  A.l  and  A.2.  They  consist  of  two  seatM 
diaphragms,  welded  together  and  silver-soldersd  is 
a  mounting  base.  An  increase  in  outside  air  prosaasew 
entering  through  a  small  inlet,  caused  expsnsiea  at 
the  diaphragms.  A  light  osmium-tipped  spring  alflas 
soldered  to  the  center  of  the  free  diaphmgx  reaavM 
this  motion  as  a  *4~>idl-wide  scratch  on  a  matad 
glass  recording  blank.  The  amplitude  of  thia  arrMrh 
was  proportional  to  the  movement  of  the  diaphragm, 
which  in  turn  .was  oroportional  to  the  applied  sir 
pressure.  Ten  ranges  of  capsules,  from  0  ts  1  pal 
up  to  0  to  400  psi,  were  in  general  .use  in  these  sdf- 
recording  gages.  Basic  specificstions  are  givea  ia 
Table  .V.l. 

A.2.1  Calibration.  Calibration  of  the  Txm  cap¬ 
sules  was  accomplished  on  a  Leeds  and  Moyjhrqp  X- 
Y  recorder.  The  output  of  a  Statham  strain-gagg-  - 
type  pressure  transducer  was  fed  through  ampMans 
to  iiie  pen  (X-axis)  of  the  recorder.  Capsule  dsAse- 
tion  was  measured  by  a  raicrometer  h^ad  aqslppei 
with  a  null  detector  and  sejrvo  system  operatisg  a 
slide-wire  potentiometer  which,  in  turn,  eonlcsIM 
the  chart  drive  (or  y  axis).  The  resulting  csBhsslkm 
record  was  a  plot  of  capsule  deflection  as  s  tmtsOmm 
of  applied  pressure.  The  error  of  this  rnlihrtlien 
was  less  than  0.5  percenL 

Unfortunately,  the  q  gages  would  not  accept  the 
new  capsules  because  of  space  limitations.  Cspsriss 
used  on  Operations  Castle  and  Teapot  were  reUUi- 
itated  and  recalibrated  for  use  in  these  gages. 

A. 2.2  Recording  BlarJts.  The  recording  msAnm 
of  the  scratch-type  self-recording  gage  was  an  sAssM- 
nized  glass  'disc  similar  to  those  used  on  previsws 
projects  (see  Reference  3).  Difficulty  bad  been  eap^ 
rienced  with  the  coating,  necessitating  excesatws 
stylus  pressure  in  prcvluce  a  readable  record  Is 
pre- Redwing  applications,  it  was  felt  that  low  tewi- 
perature  was  ths  cause  nf  the  malfunction.  Lshonleiy 
tests,  however,  did  not  bear  this  out,  sinoe  peiiaHy 
readable  scratches  were  obtained  at  *4~ounee  stykM 
presoure  at  temperatures  as  low  as  -40  C.  WUMi 
experiences  indicated  that  the  quartz  protective  eenl- 
ing  was  preventing  the  stylus  from  scratching  IhmeifR 
the  aluminized  coating.  For  Operation  Redwing, 
quartz  coating  was  omitted.  Tests  in  the  lahorstsij 
did  not  indicate  any  great  increase  In  scratching  timm 
liamiling  due  to  this  omissioa. 
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A.2.S  Drive  Motor.  The  becrt  of  the  time  bise  te 
the  preeauM-versue-Ume  and  dynamic-preaaure 
'  (BfC*  we*  the  A*  W.  Uaydon.  Seeiea  5600^  chronoaaatr 
ricaUjr  feeeiwd  mtor  (Fignim  A.f  and  A.4>.  Tht* 
motor  had  a  permanent-magnet-lield  oonatruction 
and  required  7  to  9  volta  for  operation.  In  the  gagen. 
the  motora  were  powered  by  cix  Mallory  AM-ltt 
mercury  cella  delivering  8  volts,  with  enough  capacity 
to  operate  the  motor  for  over  £  hours.  The  chrono- 


metric  governor  regulated  the  motor  velocity  by 
comparing  the  motor  velocity  to  that  of  a  watch-type 
balance  wheel  and  adjusting  the  motor  current  until 


both  were  identical.  Specifications  state  that  this 


The  second  set  of  teats  waa  matt  la  determine  flw 
elfoct  of  shook  on  tamtable  velocity,  dtyda  oacUlo- 
graph  traces  were  aaade  of  tacnttida  aalatton,  mMosr 
oarrent,  and  reference  tUae  wkUsdhe  gage  was  aab- 
Jected  to  shock  in  a  Barry  CotpoiatiM.  Type  180  VB, 
medium-lmpact-sbock  machine.  Tim  aaitors  wete 
tested  under  impacts  as  high  aa  Mg,  edih  a  duratian 
of  12  msec.  Shock-acceleration  leaM  were  run  in 
preference  to'  vibration-acoeleratien  teats,  since  ttm 
former  more  closely  duplicated  fieM  conditions.  The 
gages  withstood  impact  aback  of  at  leam  SO-g  magni¬ 
tude  without  appreciably  affsetiag  aeeaed  accuracy. 
Deviations  from  the  linear  line  did  art  eaceed  f  msec 


TABLE  A.l  CAPSULE  SPECIFICATIONS 


governor  would  regulate  the  speed  te  better  than  1 
percent  under  10  g  acceleration,  from  10  to  SCO  cps. 

A  study  was  undertaken  in  BRL  to  determine  the 
reliability  of  the  motor  under  field  conditions.  TerU 
were  performed  to  obtain  turntable  relation,  aa  a 
function  of  time,  from  the  instant  power  was  stalled 
until  it  was  removed,  'and  to  stucty  the  effect  of  shock 
as  great  as  80  g. 

The  first  tests  determined  the  consistency  of  the 
time  required  for  the  motor  to  reach  constant  velocity. 
Oscillograph  traces  were  made  showing  motor  current, 
turntable  rotation,  and  reference  time  for  both  free 
motors  and  motora  loaded  in  the  manner  in  which  they 
were  to  be  used.  This  data  was  then  plotted  au  turn¬ 
table  rotation  versus  time  (Figure  A.S).  The  data 
showed  that  the  motors  attained  full  velocity  in  approx¬ 
imately  lUO  msec,  exceeded  their  rated  velocity,  and 
then  settled  down  to  constant  speed.  Overshoot  and 
oscillation  were  decreased  by  loading,  but  in  no  case 
lasted  longer  *han  400  msec.  The  error  between  the 
actual  displacomcnt  and  a  linear  extrapolation  to  zero 
rotation  of  constant  velocity  never  exceeded  20  msec 
after  *  50  msec.  The  time  difference  between  the 
extrapolated  line  and  zero  (1.  e. ,  start-up  time  for 
computing  purposes)  was  65  msec,  with  a  standard 
devtation  of  11  msec. 


at  50  g.  At  higher  acedet^oM,  ••  velocity  oscil¬ 
lated  alter  the  instant  of  shock  in  m.mm  caaet,  and 
occasionally  the  glass  recordiag  dfoe  hroks.  Aeoel- 
eratiOD  shock  of  SO  g  or  less,  howetwr.  did  not  mnt»- 
rially  affect  motor  and  tiustaHn  vs  nrtty; 

A.3  PRESSUBE-TOIE  GAGE 

The  pressure-time  (p.)  gsges  used  en  Operation 
Redwing  were  a  roodiiicstiou  of  As  ewes  used  on 
Operation  Teapot,  which  in  Um  vpsk  nmdified  Oper¬ 
ation  Castfo  gageia  As  noted  under  aoetka  A.2,  tbn 
capsules  and  recording  blankn  were  improved  to 
produce  a  more  accurate  and  moss  vnadSbie  rooonL 
A  transistorized  photocell  circuit  sms  added  la  repines 
the  old  vacuum-tube-operat>3d  eircril.  Aa  improved 
thermal  link  and  oounL'ng  were  dartsart  A  delayed- 
time-pulse  generator  rtplaced  ihe  Onw-base  oacUlaktr 
used  previously.  A  cam  and  swildi  acre  added  to 
give  up  to  four  revolutions  of  the  hKrtSUe.  Aa  arming 
switch  was  added  to  permit  the  gage  ta  be  Installed 
several  days  before  the  shot  and  nrtnsted  in  a  short 
time.  Just  before  the  area  was  dearaA  These  changes 
made  the  p^  gage  aa  even  more  rottrtle  and  accurate 
instrument  while  maintaining  Its  psrtsUUty,  ease  of 
installatioQ,  and.reooveiy.  U  was  cailBcty  self- 
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Haydon  motor,  showing  governor.  Figure  A.4  Kaydon  motor,  idisntom  view. 


eentaine^  amall  is  atae,  aod  rriatfveljr  lanvaMifab. 

It  did  not  require  the  long  length*  of  cable,  eeaaptex 
recording  equipment  and  eiq>eaBt««  abaltera  asaaei- 
ated  with  eloetrdnic  qratama  far-obtaiaiagpvaaaan 
data.  It  haa  prereti  itaetf  to  be  am  eflMeat  gage  Ibr 
obcaioing  preaauxc-time  data  over  a  wide  raage  «f 
preasure*  and  diatancea  and  haa  lent  itaelf  adadrably 
to  inatalUtion  in  atructurea  and  nbeltera.  Pfgaie  A.7 
showa  the  gage  encaaed  and  ready  for  InatallttkWi 
Figure  A.6  ahowa  the  recording  aide  of  the  gaca, 
while  Figure  A.8  ahowa  the  motor-drive  aide. 

A.3.1  Mechanical  ConatrucUon.  The  outaide  gage 
.vise  was  the  same  as  used  for  Operatioas  Castle  and 
Teapot.  For  project-installed  stations,  the  base¬ 
plate  type  of  mounting  was  the  same  as  used  on  Oper¬ 
ation  TeapoL  Contractor  installed  stations  used  g- 
inch,  threaded  pipe  imbedded  in  concrete.  Gages 
were  screwed  in  place  hy  project  peraoenel. 

The  gage  frame  was  modified  by  shortening  the 
chttnnel  to  5-1^  inches  to  allow  the  use  of  a  larger 
unit  holding  the  complete  clectroaie  system  and  power 
supply.  The  old  mounting  holdes  for  the  capsule  were 
plugged  and  remachined  to  accept  the  new  capsule 
mounting.  The  hole  for  the  old  photocell  entrance 
bushing  was  plugged  and  a  relocated  hole  put  in  for 
the  new  photo-initiator  bushing.  A  */f-20  screw  hole 
was  c.ddcd  to  permit  final  activation  of  the  gage  with¬ 
out  the  necessity  of  removing  the  gage  from  the  case. 

The  turntable  bearing  housing  remained  the  same. 
TurnUble  diameter  was  reduced  to  2-%  inches,  with 
a  notch  and  pin  added  to  operate  a  star  gear  and  cam 
to  permit  up  to  four  complete  revolutions  of  the  turn¬ 
table  before  the  cam  operated  a  microswitch  complete¬ 
ly  cutting  oSi  the  gage,  giving  operation  times  of  20, 

40,  GO,  and  80  seconds.  Figure  A.9  shows  a  closeup 
of  the  star  gear  and  cam  and  the  new  capsule  mount. 

A  double-pole,  single-th  'ow  microswitch  was 
bolted  to  one  side  of  the  gage  frame  directly  under 
the  screw  bole  in  the  face  plate  mentioned  above. 

Prior  to  activation,  a  short  screw  was  fitted  la  this 
boie.  This  screw  was  not  long  enou^  to  operate  the 
microswiteb.  To  activate  the  gage,  a  longer  button- 
bead  screw  was  used  to  close  the  microswiteb,  which 
compHted  two  circuits:  one,  the  battery  circuit  for 
the  motor  and  the  other  the  batteiy  supply  for  the 
electronic  photo  cell  and  timing  pulse. 

The  six  batteries  which  furnished  power  for  the 
drive  motor  were  held  in  an  Austincraft  boider  mount¬ 
ed  on  the  side  of  the  chai;.'iel  frame. 

Tl«  capsule  was  mounted  slightly  to  the  rear  of 
its  old  location  ard  turned  160  degrees,  permitting 
the  recording  disk  to  be  turned  around.  This  obviated 
tile  necessity  of  springing  the  stylus  to  insert  the 
disk.  It  also  speeded  up  the  placing  of  the  disl:  oj 
the  gage,  which  previously  was  quite  a  tedious  talk. 

Other  details  of  construction  are  similar  to  tlv  se 
used  on  gages  employed  during  (^ration  Te^fiot  .uid 
full  information  can  be  obtained  from  Hefereuce  X 


A.3.2  Thennal  rntHation.  Thw  thermal  laiaatBr- 
used  on  Operation  Redwing  was  an  Improved  veratoa 
of  the  OMt  uaed  prevloual;r.  Laboratory  experlma** 
tattoa  ahwiiiad  thata  XKHXiw*— >  inyravaMsag  1» 
beaaMar  am*  af  the  theimil  link  was  achieved  by 
using  wider  strips  of  shim  brass  0.003  inch  thick, 
soldered  together  with  a  lovr-melUng  alloy  (ISO  F) 
rather  than  the  Vi-by-’/^-ineb  stripa  used  on  other 
operations.  To  strengthen  the  mounting  holes  at  each 
ood,  Vit-ioeb-ipside-diameter  eyelets  were  staked 
in  the  holea.  These  strips  were  tested  to  a  minimum 
breaking  strength  of  25  pounds. 

Unfortunately,  the  links  did  not  fully  meet  the  de¬ 
sign  qiecifications,  and  some  difficulty  was  experi¬ 
enced  on  early  Operation  Redwing  shots.  After  the 
gage  had  been  activated  for  a  period  of  time,  the  link 
would  part,  initiating  the  gage.  This  occurred  to  a 
small  degree  on  Shot  Lacrosse  and  to  a  large  extent 
on  Shot  Cherokee,  especially  on  the  reef  statfons. 

The  number  of  fitilurea  on  Shot  Lacrosse  was  mini¬ 
mized  by  a  check  and  replacement  of  defective  links 
late  on  D-1.  On  Shot  Cherchee,  the  number  of  pre¬ 
shot  initiations  due  to  thermal  link  failure  was  kept 
to  a  minimum  by  the  use  of  double  links  on  stations 
showing  a  tendency  to  part  links.  It  is  felt  that  the 
large  number  of  failures  on  the  reef  stations  was  due 
to  a  constant  salt-water  bath,  setting  up  electrolysis 
between  the  dissimilar  metals  of  the  link. 

Too  late  to  obtain  a  replacement,  it  was  discovered 
that  the  alloy  used  to  solder  the  halves  of  the  link 
together  was  not  the  one  specified  but  one  containing 
mercury.  The  shim  brass  supplied  was  a  soft-brass 
and  not  a  hard-brass  shim  stock  as  specified. 

A  field  correction  was  made  on  the  existing  links 
by  removing  the  old  solder  and  resoldering  the  link* 
with  the  correct  alloy.  Shots  Zunl  Md  Yuma  showed 
that  this  corrected  the  trouble  as  no  link  failure! 
were  experienced.  The  thermal  links  were  supported 
by  a  ’4-inch  wide  U  bracket  with  a  tension-adjusting 
screw  on  one  end.  In  operation  these  links  held  up  a 
spring-loaded  plunger.  When  the  incident  thermal 
radiation  heated  the  link  to  about  150  F,  the  alloy 
melted,  allowing  the  link  to  part  and  permitting  the 
plunger  to  drop  and  close  the  microswitch.  This  meth¬ 
od  proved  quite  effective  as  a  backup  initiator  in  case 
of  foilure  of  the  electronic  system. 

A.3.3  Photoelectric  Initiation.  The  photoeleotrtc- 
initiation  device,  activated  by  the  incident  light  from 
the  detonation,  was  redesigned  to  insure  greater 
reliability  and  sensitivity.  The  new  circuit  employed 
a  photo-conductive  cadmium  sulphide  cell,  a  transla¬ 
tor  amplifier,  and  a  sensitive  relay.  In  addition,  a 
circuit  to  provit'e  a  time- reference  pulse  on  the 
pressure-time  record  is  described  in  A.3.4. 

Figure  A.IO  is  an  exploded  view  of  the  assembly, 
showing  the  miriature  photocell,  insulated  bushing, 
pressure  tight  housing,  and  a  cylindrical  lucite 
lens  to  focus  incident  light  on  the  photo-sensitive 
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•■•■Mat.  la  gpaiallBiy  a  ihaitiy  af  Ti—t»»I  Mlt  . 

wu  plaoad  directly  over  the  pbotosell  to  reduce  the 
quleecent  current  uod  to  oUedoele  preiaIttoHoo  by 


JFIgure  A.1I  t*  a  achemaife  diagram  of  the  eonplela 
circuit  ot  the  preeaure-time  To  pr^tare  the 

gage  for  recording,  SWl,  the  activating  ewitch,  a 
normally  open  microawitch,  waa  eloaed,  completing 
the  ground  return  lead.  Prior  to  initiation,  the  CK 
722  traneiator  waa  biaeed  nearly  to  cutoff  Iqr  Bl, 
which  waa  returned  to  the  poaitive  aide  of  the  4S-volt 


■one  eontaet  eioaiire  ayaiaet  the  «llM 
ahodic  and  blaat.  The  aecood  pair  of 
eontacta  on  Bid  were  tiaed  to  app^ 
B-'volt  mermry  eeil  aoaroa,  BE.  to  the 
motor  (M).  Thie  atarted  the 
the  turntable  continued  to  rotate  a  pn 
number  of  revolutiona  until  the  atar 
normally  cloaed  mioroswitefa  (BtV2), 
the  motor  and  tranaiator  fiom  their 
apppliea. 

Sifficultiee  were  aleo  etgierit 


Figure  A. 11  Schematic  diagram  of  pressure-time  electronic  drcialt. 


battery  (Bl).  At  zeio  time,  light  impinging  ig>on  the 
photocell  reduced  its  resistance  by  a  factor  of  approx¬ 
imately  10*,  cauaing  a  large  negative  pulse  to  appear 
at  Point  A.  This  negative  puise,  coupled  to  the  baae 
of  the  transistor  through  cspacitor  (Cl),  made  the 
transistor  conduct  heavily,  closing  the  sensitive  relay 
(RLl),  which  was  in  series  with  the  transistor  col¬ 
lector  and  the  negative  side  of  the  45-volt  battery. 

A  pair  of  normally  open  contacts  on  ULl  were 
used-to  latch  the  rdl<vy  electrically  in  the  closed  posi¬ 
tion  by  placement  of  the  relsy  coil  directly  across 
the  4S-volt  battery.  This  resulted  in  an  increased 
.current  of  5.6  ms  through  the  relsy  to  insure  contia- 


initiation  circuit.  These  were  probaU^ 
being  duo  to  moisture  and  the  other  to  ■ 
light  filter.  The  difficulties  were  alloviatsd  to 
extent  by  the  use  of  a  desiccant  in  the 
replacement  of  the  original  2d  density 
XO  density  filter.  It  is  planned  to  finther 
circuits  in  a  climatic  test  chamber  at  the 
Future  circuits  will  probably  be  rniwpletoty 
to  guard  against  moisture  damags  to  theaa. 

The  construction  of. the  photo  iaitittion  ■ 
unit  is  shown  in  Figure  A.12  and  A.1B. 
shows  the  electronic  components  mounted  a 
aal  board.  The  entire  assemhly  was 
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Figure  A.12  Electronic  oong>onenU  of  the  pboto-lnlttatiM  ei 


gmge  br  ttM  blue-ribbon  pfuf  riiown  nt  the  bottom 
ter  of  Figure  A.12.  The  plug  IhoillUted  replacwneat 
ot  deleotlv*  unUm. 

A.a.4  TTming.  In  order  to  eatablieh  « time  reik 
erenoe,  e  pulee  was  pUoed  on  the  prcaeure-time 
reoord  at  approximately  130  maac  after  aero  time 
by  the  Ume-de'iy  circuit  ahovnt  in  Figure  A.ll»  At 
zero  time,  a  poaitive  pulae  waa  developed  at  the  col¬ 
lector  of  the  trausiator  and  fad  to  an  fiC  circuit  made 
up  of  R2  and  C2,  which  ciosed  RL2  at  a  time  deter¬ 
mined  by  the  values  of  B2  and  C2.  A  pair  of  aomral^ 
open  contacts  on  RL2  diS'iharged  Capacitor  C3  throng 
the  aluminized  coating  of  the  recording  disk,  produc¬ 
ing  a  small  dot  on  the  pressure-time  trace  at  the 
desired  time.  Capacitor  C3  waa  connected  to  the  diA 
by  the  recording  stylus  and  the  brush  as8einhly*ahown 
in  the  Center  of  Figure  A.d. 

A.3.5  Calibration.  To  test  and  calibrate  the  pheis 
Initiation  and  timing  unit,  the  photocell  was  erposed 


finish  which  iraa  found  to  bo  exeolleot  for  mat  and 
abraalon  realstanca.  A  timing  motor,  aimllar  to  om 
uaad  ill  the  ca,gea  on  Operation  Caatle.  waa  put  la  ta 
paemtttha  gaga  to  oparata  for  aaar^p  O  aiaaadai 
The  thermal  UA  aaaemhly  waa  changed  to  allow  the 
siae  of  the  new  quick-acting  UA.  Figures  A.14  and 
A.lB  show  assembled  and  exploded  views  of  the  gaga. 

Considerable  research  and  a  ahook-tube-teating 
program  <yas  carried  on  to  determine  an  adequate 
method  of  damping  the  total  pressure-sensing  element 
to  prevent  overshoot  and  oscillation  at  certain  critical 
pressures.  The  best  solution  proved  to  be  a  sieve- 
like  restriction  placed  directly  over  the  capsule  inlet. 

Figure  A.  16  shows  a  record  of  a  shock-tube  shot 
with  an  undamped  total  pressure  element  Overshoot, 
in  this  instance,  amounts  to  approximately  25  percent 
with  severe  oscillations  following.  The  initial  rise- 
time  was  ot  the  order  of  1.5  msec,  and  the  duration 
of  the  Hat-top  portion  approximately  45  msec. 

Figure  A.17  shows  an  overdamped  capsule.  Her ; 
‘he  overshoot  and  oscillations  have  been  auccessfolly 


TABLE  A.2  GACE  PEAFQRktANCE 
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Only 
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Lacrosse 

15 
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Inca 

20 

16 

2 
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2 

10 

8 

0 

3 
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to  light  from  a  100-watt  projector  at  a  distance  ot  2 
feet  through  a  shutter  set  at  0.01  sec.  Time  waa  meas¬ 
ured  by  a  Hewlett  P'tckard  Model  524B  electronic  men- 
ter.  The  voltage  pulse  generated  by  the  photocell  waa 
used  to  start  the  counter,  which  was  thee  stopped 
when  the  delayed  time  pulse  was  applied  to  the  recoid- 
ing  disk.  In  this  manner,  all  the  delays  inherent  ia 
the  system  were  included  in  the  measuresneot  of  the 
time  interval.  The  accuracy  of  the  delayed  time  prise 
was  1.0  msec.  Each  gage  was  calibrated  individually 
and  the  delay  time  marked  on  the  gage. 

A.4  DYNAMIC-PRESSURE  CAGE 

The  dynamic-pressure  q  gage  was  modified  little 
from  the  one  used  on  Operation  Teapot.  The  old 
gages  recovered  from  the  last  operation  were  rebrill 
and  thoroughly  checked.  Battery  power  supplies 
were  replaced,  old  relays  cleaned  and  tested,  and 
replacements  installed  where  necessary.  Motors 
were  calibrated  and  adjusted  to  within  0.1  percent  ri 
rated  speed.  A  light  cut  was  taken  off  the  nose  sec¬ 
tion  to  remove  a  majority  of  the  dents  and  scratAss 
received  during  previous  tests.  The  main  body  oi 
the  gage  was  cleaned  and  painted  with  a  baked-enamri 


squelched,  but  the  rise  time  has  increased  to  approx-  . 
imately  9.0  msec.  The  undamped  capsule  has  sn  inlet 
area  of  approximately  0.009  inch*,  the  ovsrUamped 
one  an  area  of  0.0023  inch*.  The  sieve  is  a  piece  of 
shim  brass  with  16  No.  80  drilled  holes  directly  over 
the  capsule  inlet.  The  sieve  used  on  Operation  Redwing 
q  gages  had  an  area  of  0.005  inch*,  (16  No.  76  drilled 
holes).  This  gave  a  damping  approaching  0.7  critical 
and  a  rise  time  of  approximately  2  msec.  These  made 
the  gage  more  reliable  and  increased  the  accuracy  of 
reading  the  record  by  reducing  the  amount  of  inter¬ 
polation  during  the  overshoot-and-osclllation  phase. 

A.5  CAGE  PERFORMANCE 

The  total  number  of  gages  installed,  and  a  summary 
of  performance  on  the  five  shots  are  listed  In  Table 
A. 2.  The  column  entitled  peak  only  means  that  there 
was  a  malfunction  in  the  initiation  system  or  the  drive 
motor.  In  all  cases  it  Is  felt  that  the  malfunction 
was  prcinltiatioo,  whereby  at  least  a  peak  pressure 
was  recordetL 

A  listing  of  DO  record  on  a  Pt  gage  does  not  nec¬ 
essarily  mean  a  malfunction  of  the  gage  but  could  be 
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rnatem:  wm  loo  ■mall 

t*  or  (2)  the  glaaa  dlak  waa  brokeit 

CavM  which  were  not  reoovorad  aro  Uatod  t»  a 
Mvarata  eolttinn  aiaeo  It  ia  aot  kaowa  whatharlfe* 


n*  loaa  of  reoorda  on  the  4  gage  waa  eauaod  hgr 
hcelMa  recording  dieka  or  inaufaoient  etylua  praaaura 
on  gtt  recording  disk.  In  the  present  q  gage  there  la 
ae  war  to  adjust  the  stylus  pressure  after  the  record¬ 
ing  disc  baa  been  installed. 


A.g  POST  OPERATION  OAOE  EXAMINATION 

laesder  to  better  understand  the  results  obtained 
oa  Cl^ration  Redwing  and  eKplaln  some  of  the  apparent 
dUerqiancios  in  the  .vccords,  a  program  of  gage  ex- 
aiaiaetton  and  component  tests  was  undertaken  upon 
tbe  relere  of  the  recovered  gages  to  the  iaboratory. 

AAI  Record  Check.  All  gages  that  were  saturned 
wMh  the  pressure  sensing  capsule  stilt  Installed  were 
careMly  checked  for  capsule  number  versus  gage 
aamiber  and  these  records  compared  with  the  field 
roes  I  da  No  discrepancies  were  noted. 


A.dJ  Capsule  Examination.  The  pressuring  sen- 
■iagespaules  were  removed  from  the  gages  and  ex- 
aaaiard  for  obvious  damage  such  as  overstressing 
due  ta  oeerpressures  above  the  design  limit  and  stylus 
itamigT  due  to  high  accelerationa.  All  recovered 
cspaslea  were  recalibrated  and  the  results  compared 
wMi  pswshot  calibration  curves.  The  agreement  b*- 
tweaa  tbe  two  sets  of  curves  was  excellent  except  in 
the  ease  of  overstreased  capsules.  Approximate  cal- 
Ibtiiies  of  overstressed  c;q)sules  waa  achieved  by  se- 
leeiiag  another  capsule  of  similar  pressure-defiectiona 
characteristics  and  subjecting  U  to  a  pressure  suffi- 
ciesa  la  cauae  a  deflection  equal  to  the  deflection  re- 
cetded  at  shot  time.  This  pressure  waa  appraximately 
eqaal  te  the  pressure  to  which  the  gage  waa  subjected. 

AJ.»  Protective  Screen.  Protective  screens 
arhich  were  placed  over  the  capsules  were  carefully 
esamhwd.  A  method  of  determining  the  amount  of 
asq^ege  of  the  air  passage  due  to  clogging  of  tbe 
aetecas  was  devised.  Most  of  the  material  clogging 
the  screens  was  opaque  so  that  an  optical  method  of 
iH^eetton  appeared  satisfactory.  A  simple  pboto- 
eleebric  oell  and  amplifier  with  an  indicating  oneter 
was  hallt.  A  clean  unused  screen  waa  placed  between 
tbe  light  source  and  the  photo  cell.  This  waa  then 
eenidered  as  a  screen  of  100  percent  air  passage 
sad  the  acale  on  the  indicating  meter  marked  as  100 
peivest.  Neutral  density  filters  of  known  density 
was*  then  added  between  the  screen  and  the  photo 
eeO  and  the  meter  completely  calibrated  from  0  to 
laa  percent  transmission.  The  recovered  screens 
were  ia  turn  placed  in  the  gap  and  calibrated  as  to 
pare  tat  open.  Approximately  100  screens  were 


■aittmad  and  lha  reaulta  tabulated  aa  MloMb 
ParcatoCdeieaiia  PereeatOpea 

»  #•»  » 

30  IS  to  to 

3S  SO  to  90 

30  90  to  100 

Shook  tube  toats  on  tha  gages  Indicated  that  a  2S  par-  ' 
cent  opening  increased  the  rise  time  of  the  eapcules 
by  about  SO  percent;  in  otiier  words,  from  spproxi- 
matoly  2  foaec  to  approximately  3  msec.  It  would 
appear  that  la  a  majority  of  oases  the  stoppage  waa 
aot  serious  aeoogb  to  greatly  affect  the  records.  The 
material  causing  the  stoppage  was  nnalyaed  and  divided 
into  three  general  claaees,  i.  e. ,  salt  water  corrosion, 
coral  deposit,  and  carbon  paper  deposit.  Of  these, 
corrosion  arms  the  most  prevelant  but  acoounted  for  the 
smallest  part  of  tbe  stoppage.  Corrosion  could  occur 
before  and  after  the.  shot.  The  dq>osit  of  small  coral 
partiolea  waa  tbe  most  serious  but  it  is  felt  that  this 
did  not  occur  until  after  the  passage  of  the  shook  wave. 
The  carbon  paper  dqjosit  was  the  residue  from  a 
protective  cover  placed  over  the  pressure  inlet  to 
keep  out  salt  water  and  small  particles  before  that 
time.  Ordinarily  this  carbon  paper  burns  away  from 
theraml  radiation  before  the  arrival  of  the  shoek 
wave,  in  some  cases  where  the  theraisl  energy  waa 
insufficient  or  attenuated,  the  carbon  paper  was  not 
completely  burned  away  but  small  partiolea  were 
forced  into  the  pressure  inlet  by  the  shock  wavs. 

A.9.4  Thermal  Initiation  Testa.  Thermal  Initiator 
tests  were  divided  into  two  groups,  tests  of  the  plungar 
and  switch  and  tests  of  the  thermal  links.  There  waa 
no  evidence  of  fiulure  of  the  plunger  and  switch  as¬ 
sembly;  however,  a  check  of  the  time  required  for 
the  switch  to  close  after  the  parting  of  the  link  waa 
ooiKlucted.  To  record  this  time  of  actuation,  a  Potter 
counter  was  used  in  a  circuit  which  detected  the  in¬ 
stant  of  break  of  a  link  and  the  instant  of  make  of  a 
microBwitch.  A  series  of  tests  were  performed  to 
determine  differences  in  actuating  time  of  assemblies 
in  an  as-is  condition,  i.  e. ,  as  returned  from  the 
field,  cleaned  ai>d  oiled  condition,  and  with  one  O 
ring  removed  to  avoid  a  compression  condition.  Tha 
results  of  these  tests  were: 

Average  Time 
Measured 

2. 65 
2.99 
1.91 

From  these  resolta,  it  was  obvious  that  compression 
of  the  air  trapped  between  the  two  diameters  of  the 
plunger  slowed  down  the  operation  by  approximately 
1  msec.  At  tbe  loser  range  of  pressures,  it  waa 
felt  that  one  O  ring  would  provide  a  sufficient  pressure 
seal.  A  miniature  plunger  assembly  has  been  built 


Condition 
As  is 

Cleaaed  and  oiled 
W/one  O  ring 


Number 
of  Samples 

a 

20 

23 

16 
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utilised  two  O  riafSt  they  were  both  of  the  aanie  diem- 
rter.  The  reeulta  of  thee*  teste  isdioated  that  U 
entad  aUthtIjr  tester  thee  the  eld  salt  wMh  OM  O 
fftsf.  with  the  oew  unit  havlac  as  aetuating  time  of 
the  order  of  1.8  meeo. 

The  chief  cause  of  failure  of  the  thermal  ialtiator 
was  with  the  thermal  link  itselC.  During  a  period  of 
from  1  to  3  days  after  installatioe,  the  thermal  link 
either  parted,  or  creep  in  the  soldered  Joint  permitted 
the  switch  to  actuate.  Laboratory  tests  under  aimu- 
lated  conditions  bore  this  out. 

To  check  the  breaking  temperature  of  the  links,  a 
seriesof  12  links  were  set  up  ia  a  frame  under  spring 
tension  equal  to  that  of  the  initiator  assembly  <8  to 
10  pounds!.  An  indicator  light  aas  wired  to  each  link 
to  show  when  a  link  had  (ailetL  The  entire  frametwas 
put  in  a  controlled  temperature  oven,  which  was 
brought  slowly  up  to  tempecatura.  The  links  began 
parting  at  a  temperature  as  low  as  114  F  and  all  had 
parted  when  the  temperature  readied  120  F.  Links 
held  under  tension  at  room  temperature  for  several 
days  showed  varying  degrees  of  creep.  It  was  deter¬ 
mined  that  the  manufacturer  of  the  links  added  mer¬ 
cury  to  a  standard  alloy  to  make  an  alloy  having 
the  required  melting  point.  tTofortunately,  this  addi¬ 
tion  changed  the  cold  flow  characteristicn  of  the 
original  ntandard  alloy. 

Kew  links  have  been  made  and  tested  in  the  labore- 
torj’.  They  have  the  desired-characteristics,  Le., 
breaking  point  of  ISO  to  16S  F,  minimum  tenaile 
strength  of  25  pounds,  and  the  ability  to  sustain  an  8 
pound  load  at  elevated  temperaturca  (115  to  120  F) 
for  several  weeka.  These  characaeriatica  were  a- 
chieved  by  the  following  means: 

1.  Uae  of  Cerro  de  Pasco  alloy  No.  5000-7.  a 
eutectic  alloy  having  a  narrow  nelting  range,  (nom¬ 
inal  158  F). 

2.  Use  of  hard  brass  shim  stock  for  increased 
tensile  strength. 

3.  Use  of  two  pimple-like  depressions  to  present 
a  compression  area  to  prevent  creep  experienced  in 
a  pure  shear  JolnL 

No  data  ia  available  as  to  the  Ictugifa  of  time  required 
for  the  links  to  part  under  actual  field  conditiona.  A 
program  ia  being  initiated  for  Operation  Plumbbob  to 
determine  parting  time,  of  the  liok  for  varying  yield- 
distance  conditions.  With  this  toformution,  arrival 
time  data  will  u  possible  from  gages  thermally  ini¬ 
tiated. 

A.6.5  Electronic  Circuit  Tests.  One  hundred  elec¬ 
tronic  photo-initiation  and  time  puUse  circuits  were 
examined  and  cl/ecked  upon  their. rwturn  to  the  labor¬ 
atory.  Seven  checked  satisfactoniy,  that  is,  both 
the  photo-initiation  circuit  and  the  time  delay  pulse 
functioned.  Seventy  four  circuits  did  not  qperats  with 


both  lb»  InMatltm  elrontt  and  tk«  tliiis  dstay  pulM 
oonnsoted  but  did  eheok  out  wfa««  tho  pula*  oiraitt 
waa  diaconnaetatL  It  la  lalt  that  aa  tatoraattoa  tkaaag^ 
Um  eonuBoa  Plata  supply  cauaad  tMa  fkllum  Mlap- 
tean  of  the  oiroulta  completely  failed  to  oparato.  Of 
thoae  ninotean,  nine  had  faulty  relays  and  tho  other 
ten  auffered  from  tranetator  failure.  The  Inoperative 
relaya  were  taken  opart  to  determine  the  oauaea  of 
failure  and  It  appeared  that  they  were  damaged  bp 
exceaeive  accelerations.  The  least  sensitive  position 
for  these  relays  was  determined  and  they  were  re¬ 
oriented  for  future  use.  A  relay  failure  at  the  time 
of  the  peaaage  of  the  shock  wave  does  not  neceaeerllF 
mean  a  gage  feilure^'however,  for  by  this  time  the 
thermal  initiator  back-up  switch  hss  lUnoUonsd  sod 
Independently  keeps  the  circuit  to  the  gage  motor 
closed.  Aaotherposslble  cause  of  ftilurw  In  ffeM 
operation  which  did  not  show  up  in  laboratory  tests 
waa  the  effect  of  moisture  on  the  otrouits.  This 
effect  will  be  minlmiicd  in  Aiture  uae  by  petting  tha 
entire  circuit  in  plastic. 

A.6.6  Drive  Motor  Tests.  The  turntable  drlva 
motors  were  carefully  checked  for  obvious  dantsgs 
and  were  calibrated  for  rotational  velocity.  Approxi¬ 
mately  50  motors  were  calibrated.  Of  these,  three 
were  definitely  bad;  they  either  did  not  run  or  ran 
erratically.  One  motor  ran  consistently  15  percent 
slow.  The  balance  checked  out  well,  having  an  error 
of  less  than  0.3  percent  in  rotational  veloci^. 

A.  6. 7  Motor  Start-Up  Time.  In  establishing  a 
pressure-time  record,  the  calibration  of  time  is.aa 
important  as  the  pressure  calibration.  Just  as  pres¬ 
sure  steps  are  noi  placed  on  the  self-recording  rec¬ 
ords  at  shot  time,  neither  are  there  time  marks  on 
the  record.  The  time  scale  is  accurately  determined 
by  the  rate  of  rotation  of  the  recording  disk.  The 
angular  rotation  is  converted  to  time  in  milliseconds 
at  the  same  time  that  the  deflection  is  changed  to 
pressure. 

The  turntable  which  supports  the  record  disk  la 
driven  by  a  Haydon  chronometrically  governed  motor 
which  is  desoribed  in  Section  A.2.S.  This  motor  is 
set  and  chocked  by  tho  manufacturer  for  a  certain 
number  of  rotations  per  minute.  In  all  oases  the 
variation  from  the  rated  rpm  ia  small  after  the  motor 
has  had  time  to  reach  its  rated  speed.  The  average  ' 
time  required  to  establish  the  rated  rpm  for  the  three 
ranges  of  motors  utilized  in  the  BRL  self-recording 
gages  is  400  msec.  These  recording  drive  motors 
were  calibrated  at  BKL  and  a  sample  curve  is  shown 
in  Figure  A. 5.  The  slowest  speed,  a  3  rpm,  has  a 
slightly  different  calibration  curve  than  the  10  aiid 
40  rpm  motors.  Tho  time  calibration  curves  were 
obtained  by  atl.-  ching  a  small  gear  to  a  shaft  in  the 
governor,  which  was  geared  to  the  drive  shaft  of  *be 
motor.  This  added  gear  opened  amd  closed  a  swiUii 
which  provided  a  series  of  pulses  with  each  pulse 
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repr«t«ntiii(  0.>  of  •  deQreo  rotation  of  the  turntable. 
Those  pulsoa,  along  with  a  100'«ycle  time  base  from 
a.  Hewlett  Packard  frequency  standard  and  the  Input 
current  to  the  tarUtr,  were  rasordid  ca  a  Consolidated 
Eleotrodynamie  Corporation  recorder.  The  record 
of  the  current  gave  an  accurate  time  at  which  the 
motor  was  turned  on.  The  lUU>oyote  timing  provided 
the  time  base  for  reading  the  angular  rotation.  The 
calibrations  were  made  with  the  motor  in  the  gage 
under  load  Just  as  it  is  used  in  the  field. 

As  was  stated  before,  after  400  msec  all  calibra¬ 
tion  time  curves  are  linear  and  a  constant  can  be 
applied  to  convert  angular  rotation  to  time  in  milli¬ 
seconds.  In  this  case,  the  correction  factor  for 
arrival  time  can  be  obtained  from  the  calibration 
curve  by  extending  the  linear  portion  of  the  curve 
back  to  aero  rotation.  This  (actor  must  be  added  to 
the  calcuiated  arrival  time  in  order  to  eorreut  for 
the  delay  in  the  motor  start-up  time.  Prom  the  curve 
in  Figure  A.S,  it  is  apparent  that  a  constant  value 


eannot  be  used  to  find  the  thne  In  the  posttlv*  dnmHw 
when  the  corrected  arrival  time  ie  less  than  4M  mnsn. 
On  Operation  Redwing,  there  were  many  reoerds  ftens 
Shot  YusMt  and  laeawhiehiaU  Into  thin  eateantfu  h 
order  to  correct  for  the  motor  not  being  qp  to  Spse< 
each  motor  was  calibrated  by  the  method  denorthed 
above.  Just  as  a  nonlinear  pressure  curve  was  applied 
to  the  deflection,  so  a  nonlinear  time  curve  wan  nssd 
to  convert  tlie  angular  rotation  to  time,  la  using  Ihn 
nonlinear  part  of  the  calibration  time  curve,  it  ts 
important  to  have  a  well  marked  aero  time  on 
record  since  this  zero  time  must  be  matched  wtMk 
the  aero  on  the  calibration  time  curve.  On  Shot  hen, 
both  3  and  10  rpm  motora  were  used  at  the  nanw 
station.  This  furnished  a  good  check  on  the  nM>ted 
used  to  correct  for  the  nonlinearity  in  the  Urns  daring 
the  positive  duration.  The  only  lota  la  aecumqf 
occurred  when  the  arrival  time  was  so  short  thsS  ths 
first  part  of  the  positive  duration  was  compressor 
making  it  difficult  to  read  the  record 
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Appendix  C 

ISLAND  DIFFRACTION  RECORDS 


C.l  INTHOUUCTION 

On  Shot  Cherokee,  land  space  was  not  available  at 
the  desired  distances  for  Project  X!  .t;.ruclures  in> 
sfumentatio!!.  Therefore,  tt  was  proposed  that  nan* 
made  islands  be  const  runted  along  tbc  Site  Charlie* 
Dog  Reef.  This  was  an  e.xpensivc  proposition;  there¬ 
fore.  it  was  desired  to  keep  the  island  size  to  a  mini¬ 
mum  but  still  keep  the  structure  free  from  turbulence 
that  might  be  created  by  the  diffraction  of  the  blast 
wave  over  the  island. 


and  conOguration  were  esUblisbetL 

C.3  ISLAND  CONFIGURATION 

The  recommendation  accepted  was  for  an  island  d 
feet  in  height  with  the  leading  edge  vertical  fas  the 
first  4  feet  and  the  top  2  feet  rounded  with  a  radius  of 
curvature  of  2  feet.  The  structure  was  to  be  placed 
60  feet  from  the  leading  edge.  The  island  size,  struc¬ 
ture  location,  and  gage  location  are  shown  in  Figures 
C.1,  C.2  and  C.X 


C.2  SCAL£D  MODEL  STUDIES 

Sealed  models  of  island  shapes  and  sizes  weie  in¬ 
strumented  in  the  BRL  shock  tube.  Gages  were  in¬ 
stalled  and  pressure  versus  time  was  recorded  along 
the  surface  of  the  model  and  at  certain  heights  above 
the  surface  for  several  distances  back  from  the  leading 
edge.  This  was  done  to  establish  the  minimum  dis¬ 
tance  from  the  leading  edge  at  which  a  structure  might 
be  placed  and  still  be  free  from  any  effects  of  turbu¬ 
lence.  On  recommendations  from  BRL,  the  island  size 


C.4  DATA  PRESENTATICm 

The  data  are  presented  in  the  form  of  records  of 
pressure  versus  time,  along  with  Table  C.l.  which 
lists  measured  values  of  other  parameters.  Values 
listed  as  peak  pressure  are  those  measured  Just  after 
the  initial  pressure  rise  and  not  the  peak  caused  by 
the  reflected  wave  from  the  structures.  These  data 
have  been  transmitted  to  Project  XI  for  detail  analysis 
and  r^ortii)g..  The  records  are  identified  by  station 
and  gage  number. 


TABLE  C.1  BLAST  DlFFRACnOSi  DATA 


Station 

Site 

Distance 

Cage  Typo 
and 

Number 

Peak 

Overpreasure 

Arrival 

Time 

Duration 

Impulse 

ft 

pal 

sec 

sec 

psi-sec 

114.22 

Man-Made  Island  No.  1 

19,338 

Pt-  •* 

8.8 

— 

X779 

12.289 

114.23 

Man-Made  Island  No.  1 

19,385 

P,-  6* 

12.4* 

— 

— 

— 

114.24 

Man-Made  Island  No.  1 

19,350 

Pj-lSS 

9.0 

9.885 

4.433 

12.946 

114.39 

Man-Mide  Island  No.  1 

19,372 

Pt-  ™ 

9.8 

— 

4.027 

12.786 

114.25 

Man-Made  Island  No.  2 

20.656 

Pt-  66 

7.4 

9.885 

4.246 

11.966 

114.26 

Man-Made  Island  No.  2 

20,672 

Pt-  » 

7.4 

— 

4.186 

12.390 

114.27 

Man-Made  Island  No.  2 

20,703 

Pt-  31 

7.3 

9.765 

4.281 

11.939 

11-:  28 

Man-Made  Island  No.  2 

20.774 

Pt-106 

7.1 

8.793 

4.199 

11.182 

114.22 

Man-Made  Island  No.  2 

20,628 

Pt-22* 

7.3 

10.027 

4.200 

11.992 

114.30 

ntar-Made  Island  No.  2 

20,730 

Pt-  41 

7.0 

— 

4.699 

12.332 

114.31 

Man-Made  island  No.  2 

20,663 

Pt-  » 

7.7 

10.228 

4.C9S 

11.101 

114.40 

Man-Made  Island  No.  2 

20,651 

Pt-l?I 

7.2 

9.574 

4.294 

12.237 

*  Peak  reflected  value. 
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etona  Areenal,  Ale.  ATTN:  Tech  Llbrer/ 
kO  Commandins  Ge&eral,  Vhtt*  Sand*  Proving  Ground,  Imt 
Croeee,  N.  Mrs.  ATTN: 

kl  Co— ander,  Ar«e-  Ballletle  Mleelle  Agency,  Bedetonc 
Areenal,  Ala.  ATTN:  OBSAS-lir 

k2  c —lending  Cenaral,  Ordnance  Tank  Autcvtotlve  Cc— end, 
Detroit  Areeoal,  CeBterllne,  Mich.  ATHli  OBIMC-BO 

:is 


k3  Cca— adlQC  Generml,  Ordnance  Ueapoex  taiend,  MoaM 
Xeland,  Ill. 

kk  Cc— ending  General,  U.8.  Any  Blectrrnic  PTorSmei— 

F*.  Kuachaea,  Aru.  ATTN:  Tech.  Llbraay 
k9  Commanding  General,  USA  Co^at  aurmelll—  AflemdPt 
112k  N,  Blgl-Xaz4  8t.,  Arllhgtom,  Va. 
k6  Direelor,  Operation*  Beeeareh  Office,  Joha*  BopM— 
Oniverelty,  6939  Arlington  Bd.,  Bc'.heede  Ik,  Mt. 
k7  Co— endlrg  G^rml,  0.  8.  CflD  6p— lei  UeepemeH— — •ktam 
Co— and,  Dover,  B.J, 

k8  Ce— ander-in*Chlef,  D.8.  Amy  furope,  AFO  kO),  M—BmM, 
R.T.  ATTI:  0|>ot.  Dir.,  Veepone  B. 

iin  AcntiriB 


k9  Chief  of  Neve!  Operetlone,  S/R,  Veefekl^gtom  89, 

ATTlt  OP-O3IO 

90  Chief  of  Naval  Oparmtio— ,  If/M,  HeeM^om  29,  My6. 

AITI:  0F*79 

91-  92  Chief  of  Nava!  Beeaenh,  VaehSzKtcii  <9»  1<C. 

ATtlt  Code  6U 

93*  9^  Chief,  Bureea  of  AeronamtlM,  If/U,  Ve*hij^—  i%  MJtm 
9^  99  Chief,  Bareeu  of  AerooMitlce,  M/t,  MeehlngtcM  2%  MU 
ATtl:  An*AD*k!/aO 

60  Chief,  Bur— u  of  Ordnan—,  3)^,  WeeUngten  t%  BuS. 

61  Chief,  Kr— tt  of  Blpe^D^,  Weehlaptoe  2%  9X* 

ARl:  Code  k23 

62  Chief,  Bur— a  of  Terde  aad  Seek*.  M/M,  Veeht— i—BSb 

D.C.  Am:  dAAO 

63  Director,  9.B.  lava!  Beeeereh  Imiboretoify^  NeeM^piv 

29*  ATIN:  Mre.  Katherlae  1.  Ce— 

6k*  69  Pr— iiiaer,  U.8.  Neva!  Qrdnanne  lAberatery,  IBtlte  Ba, 
Silver  Sprlag  I9,  Md. 

66  Director,  MeterU!  Xmb.  (Qedm  900),  B—  Tetifc  Me— 8 

Shipyard,  Broohlya  !,  I.Y. 

67  Co— aadlng  Officer  and  Dtreeter,  Vavy  Umetimai— 

Xmboratory,  Sam  Diego  V,  Calif. 

68  C(— andihg  Offloer,  U.8.  Beval  Ml—  Defe— e  le*., 

Panaea  City,  Flm. 

69*  70  Cr— eudlng  Orficer,  D.8.  Maval  Medlnlnglrel  BnBm— 
Imboratcry,  Mu:  Frencleco,  Oallf.  AnBi  BMiiu 
Info.  Dlv. 

71*  72  Ce— anding  Officer  Direetcr,  U.8.  Bmeal  CBvtK 
togineering  Uberatery,  Port  Bueoe— »  Calif, 

ATTN)  Code  L31 

73  Commending  Officer,  U.8.  Baval  Sehoole  Oe— aa8«  Ua 

Naval  Station,  Tr— euro  Xeland,  Sea  rrimieee,  CiAlf. 

7k  iuperiatendent,  U.8.  Naval  Poatgnduetm  BcMaml,  Bmkavey, 
Calif. 

79  (V— ending  Officer,  0.8.  Fleet  Sonar  Mehool,  BoM-  Bevel 
Beee,  Ivy  Ve«t,  Fla. 

76  Cc*.Aanding  Officer,  U.8.  Fleet  Boner  Behael,  B— BSegM 

47,  Calif. 

77  Offlcer-U-Charge,  U.8.  Naval  School,  CBC  INTIe— ■»  V.B, 

laval  CoMtructlon  Bn.  Center,  Port  B— me,  CilSf. 

78  Ccmmandlng  Officer,  Noel— r  V— po—  Ttalmlmg  fi— e— , 

Atlantic,  U.8.  Naval  Ba— ,  Norfolk  U,  SB,  MBM 
Nucl— r  Varfarm  Dept. 

79  Coo— nding  Officer,  Nuclear  V— poem  Txmlnlat  Be—* 

pacific,  Naval  Station,  San  Diego,  OalJf. 

80  Ccnaandlng  Officer.  U.8.  Naval  D— age  Oootrel  Bh#. 

Center,  Naval  Ba*e,  Philadelphia  U,  Pe.  ATOb  JBf 
Defenee  Couree 

^  fr— ending  Officer,  Air  Develop— at  tguedr—  %  BI-% 

'  Chine  leke,  Calif. 

82  Co— aadlng  Offioer,  Naval  Air  Material  C— ler,  fBAledelphle 
12,  Pa.  AITN:  Technical  Data  Br. 

63  Co— ander.  Officer  O.S.  Naval  Air  Bevelnp—t  CH—r, 
Johacville,  Pa.  ATTNi  NAB,  Librarl— 
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^  OoaMndtD*  Ottiw,  O.t.  HtAUU  lltM«reh  faMtiwt#. 

lAtlonU  ItTal  OMtar,  HA* 

^  0^  CbHMidtn«  Qtnmr  mi  Dli««tor»  W.  IfeylAr  IM»L 
Nall),  Nahlafton  7»  O.C,  ArWi  ttbwr 
07  CcMaodlix  Offiear  aad  Dlractor,  0.8.  llavAi  ^inmrim 
txparuant  BtaltOQ,  AnnapolU,  Nd. 

60  Co«iandar,  Horfolk  Nv«l  hhin^ri,  fortiMth,  K.  ATltt 
Unda)vat«r  Isploalona  8aa««r4}i  OivUlo* 

69  CMMndant,  0.8.  Marlas  Corps.  Vsthlacton  M,  D.c. 

ATOU  cods  AOJi  * 

90  Dlrsetor*  Marina  Corps  Undlnd  foros^  Dsaslopasni 

Cantsfi  MC8|  Qusntloo*  T«. 

91  Coawindlnt  Offlssr,  0.8.  Ksfsl  CXC  Sshool,  0.8.  Nfsl  Air 

Station,  Olyneo,  Brunawtek,  Os. 

99  ChUr,  Bursau  of  Naval  Usapona,  Navy  Oapartnaat,  Vaattlvtoo 
S^,  D.C.  ArtMi  8812 

AU  roiri  ACTITlTUi 

100  Aaatatant  for  Atosio  BnsrcT*  Ki,  tlBAT,  VaahlBcioo  », 

D.C.  ATIN:  DCS/O 

101  Bq.  USAf,  Amt:  Oparatlona  Analysis  Offtcs*  Offics«  Tics 

Chlsf  of  SUff.  Vashln«ton  2),  D.  C. 

102-103  Air  Fores  InUlll«sncs  CSQtsr»  RO.  UDAF,  ACS/1 
(AFCHI-iVl)  WsshlAtftoa  23,  D.C. 
lOk  Dtrsetor  of  Raastrsh  and  DavaLopaant#  DCS/D»  U).  OSAF, 
Washington  23,  D.C.  ATTB:  Guldnuce  and  Weapons  Dtv. 

109  The  Surgeon  Censral,  4^.  USAF,  Washington  2!>,  D.C. 

ATTN:  Blo.'Dsf.  Prs,  Had.  Division 

106  Cosaandar,  metical  Air  Coaaand,  Lanclay  AFV,  Ta.  Ami: 

Dos.  Saeurltjr  Branch 

107  Coasandar,  Air  Dafsnsa  CoMsnd,  Bnt  AFB,  Colorado. 

AITR:  Aseliitant  for  Atoste  Bnarcr,  ADLDC^A 
lOd  COMandar,  Rq.  Air  Rssaarch  and  DsvalopMsnt  CoMaad, 

Andrews  AFB,  VashlngtOD  23,  D.C.  ATlVi  RWVA 
109  CoMsander,  Air  Fores  Ballistic  Mlasn#  DU.  AJtSC,  Mr 

Fores  Unit  Post  Offiea,  Los  Angalas  Ii3,  Calif.  ATTIt  VS60T 
110-111  Ci.sasndar,  AF  Caabrldga  Aeeanreh  Center,  L.  0.  Nnscos 
Field,  Bedford,  Nesi.  AtTR:  CIIdST-2 
U2-116  Cosnnnder,  Air  Fotce  Special  Wuapons  Center,  Klrtland  AJD, 
Albuquerque,  N.  Met.  ATTM:  Tech.  Info.  A  Intel.  Dlv. 
117-118  Director,  Air 'UnlvereUy  library,  Kajcwall  AFB,  Ala. 

119  CoMsnder,  Lowry  Taohnleal  Training  Canter  (TV), 

Lowry  AFB,  Denver,  Colorado. 

120  CoMandant,  School  of  Avlstlon  Madlelna,  USAF,  lUndolpL 

AFB,  Tsa.  ATTN:  Bsssarch  Seerstsrist 

121  CoMsnder,  1009th  Sp.  Wpns.  Squadron,  M).  USAF,  Washln^on 

,  23,  D;C. 

i22*12a  CeoRender,  Wright  Air  Dsvslopsant  Canter,  Wrlght-rattsrsoe 
^  AFB,  Dayton,  Ohio.  ATTN:  WCACT  (For  WCOSl) 

123-126  Director,  USAF  Project  RAND,  TU:  U8AP  LUison  Office, 
me  BARD  Corp.,  IVOO  Main  8t.,  Santa  Monica,  Csllf. 

127  CoMandar,  Rom  Air  OcvclcpMnt  canter,  ARSC,  Grlfflss 
APB,  N.T.  ATIV:  Docueants  Library,  MCSSL-I 


Ut)  ew.nt.r,  «ir  TMtnlMl  Cwtv, 

wi^t.r.tt.na.  tn,  CM*.  «att  wea-4^  Utevr 
12>  M.l.tut  etiwt  or  sttfr.  iMUt,....,  b,.  nan.  mo 
633,  m.  For..  V.r.  .nit  MwWfU 
130  CcHu>d.r-ls<hl.r,  HolfM  Jklr  ton**,  MO  9»,  •«. 
FruclMo,  Clir.  .R*t  fKB-W,  lu*  IBeonM 


onm  tsPMnran  or  ivaoi  »enntim 

131  Slnotor  of  li.rmM  a..Mnk  mt  t.(iiio.rlot<  OMMoBto.  M, 

B.C.  An,:  I«lv.  llbi«7  " 

132  Chalmw,  Anwd  krvlo*.  iMis.!?..  ittmXf  Bou4,  BCD, 

Solldlo.  1-7,  Or«*oU,  Folat,  W«»hli.U)n  S.C. 

133  BlrMtor,  Vtfnt  9>r.tw.  tm..tlon  Oroup,  Docs  USao, 

Th.  P.a*..on,  u..hln.3o.  ty,  B.C. 

I3I1-I37  Chlof,  B.f«iM  Ato.10  lii„pr<  U..bl.wta.  J),  B.C. 

AnVt  OucMaat  Llbrwy 

136  CoKoter,  ri.ld  Coaud,  MBA,  Swdl.  Bu.,  AU<.|a.r«iN, 

N.  Mss. 

139  Cowutdw,  ri.ld  CoMBl,  MBA,  Iwdl.  tw.,  MtaowruM, 

«.  M...  Aim  mo 

UO-IAA  Cowoitor,  ri.ld  CmmI,  BaA,  twdl.  lu.,  AIAmmtoih, 

».  H...  at:*:  rew 

IA5  CoMndir,  JTr-7,  ArllofU.  BCl  Outlon,  AtIIabU.  12, 

Ta. 

1^6  ANlnlstrator,  BatloMl  AercMutUs  end  Bpaea  ANlnla* 
tratlon,  1320  "H"  St.,  njl,,  Vashlncton  23,  D.C.  ATBli 
Mr.  R.  T.  nods 

H»7  CoBAandsr-ln-Chisf,  StratsBle  sir  CoMsnd,  Qffstt  AID, 

Dab.  Am:  OAIB 

1^6  CoMtandsAt,  OB  Coast  Oyari,  I30O  B.  8t.,  D.V..  Twhlniton 
23,  D.C.  Ami:  (Oil)  ' 

H»9  C«Mnndar-ic-.*hlaf,  UCCR,  ADD  126,  Raw  Tork,  D.T. 


ATCMXC  RXKDCr  COMISSXOD  SCtltli'll» 

130-132  D.8.  Atonic  Nerer  CoMlaatee,  Tschnleal  Ubrar',  VSahlna- 
ton  p  ,  D.C.  Amt  For  Mt 

1^3“!^^  Los  Alaeos  Selantlfis  LaBsiatery,  Raport  Ubrsay,  P.O. 

Boa  1663,  Us  Alaaos,  B.  Nn.  Am):  Bslsa  DsNai 

W-1D9  Bandla  Corporation,  ClasatfisS  Docueant  DlvlsUs,  SsndU 
Baas,  AltuTicrqus,  R.  Mss.  ATlRi  B.  J.  N^tl.  Jp- 

160-162  Dnivsrslty  of  California  lasnencs  Radiation  lelccatoiy, 
P.O,  Bos  606,  Livensu,r*,  Calif.  Am»  Clovis  5.  Craif 
I63  Bsssntlal  Cperatlag  DseerAs,  Division  of  Infosastioa  8srr> 
leas  for  Storags  at  BC*I.  STlRt  John  1.  Bane,  Chief, 
Besdquanarv  Records  aat  BsU  Sarvics  Branch,  C.8.  AK, 
VashioctoD  23,  D.C. 

161)  Vsapon  Nta  Bsetion,  Tsdsiical  Inforaatloo  Service 
Bstsnsloc.  Oak  Ridgs,  D^a. 

163-19?  TachnUal  Jaforjatlce  Barvlee  Istsnston,  Oak  BtK^, 

Tsnn.  (Burplus) 
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Defense  Threat  Reduction  Agency 

8725  John  J  Kingman  Road  MS  6201 
Ft  Belvoir,  VA  22060-6201 


TDANP/TRC 


March  2,  2001 


MEMORANDUM  TO  THE  DEFENSE  TECHNICAL  INFORMATION  CENTER 
ATTN:  OCQ 


SUBJECT:  DOCUMENT  UPDATES 


The  Defense  Threat  Reduction  Agency  Security  Office  has  performed  a  classification/distribution 
statement  review  of  the  following  documents.  The  documents  should  be  changed  to  read  as  follows: 


WT-1628,  AD-357954,  OPERATION  HARDTACK,  PROJECT  3.4,  LOADING  AND 
RESPONSE  OF  SURFACE-SHIP  HULL  STRUCTURES  FROM  UNDERWATER  BURSTS, 
UNCLASSIFIED,  DISTRIUBTION  STATEMENT  A. 

WT-130L  AD-341065,  OPERATION  REDWING,  PROJECT  1.1,  GROUND  SURFACE  AIR 
BLAST  PRESSURE  VERSUS  DISTANCE,  UNCLASSIFIED,  DISTRIBUTION  STATEMENT  A. 

WT-748,  OPERATION  UPSHOT  KNOTHOLE,  PROJECT  5.1,  ATOMIC  WEAPON  EFFECTS 
ON  AD  TYPE  AIRCRAFT  IN  FLIGHT.  UNCLASSIFIED,  DISTRIBUTION  STATEMENT  A. 
FORWARD  TO  YOU  FOR  YOUR  COLLECTION 

WT-900I-SAN,  GENERAL  REPORT  ON  WEAPONS  TESTS,  UNCLASSIFIED, 
DISTRIBUTION  STATEMENT  A.  FORWARD  TO  YOU  FOR  YOUR  COLLECTION. 

POR-2260-SAN,  OPERATION  SUN  BEAM,  SHOTS  LITTLE  FELLER  1  AND  2,  PROJECT 
LI,  AIRBLAST  PHENOMENA  FROM  SMALL  YIELD  DEVICES,  SANITIZED  VERSION. 
UNCLASSIFIED,  DISTRIBUTION  STATEMENT  A.  FORWARD  TO  YOU  FOR  YOUR 
COLLECTION. 

If  you  have  any  questions,  please  call  me  at  703-325-1034. 


J3/,  AJtL 

ARDITH  JARRETT 

Chief,  Technical  Resource  Center 


